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(54) MOS thin lilm transistor and method of fabricating same 



(57) There is provided a crystalline TFT in which 
reliability comparable to or superior to a MOS transistor 
can be obtained and excellent characteristics can be 
obtained in both an on slate and an off state. A gate 
electrode of the crystalline TFT is formed of a laminate 
structure of a first gate electrode made of a semicon- 
ductor material and a second gate electrode made of a 



metal material. An n-channel TFT irx;ludes an LDD 
region, and a region overlapping writh the gate electrode 
and a region not overlapping with the gate electrode are 
provided, so that a high electric field in the vicinity of a 
drain is relieved, and at the same time, an increase of 
an off current is prevented. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to a semicon- 
ductor device including a circuit constituted by a thin film 
transistor on a substrate having an insulating surface 
and a method of fabricating the same. For example, the 
invention relates to a structure Off an electro-optical 
device typified by a liquid crystal display device, and an 
electronic equipment irxxxporating the electro-optical 
device. Incidentally, in the present specification, the 
term "semiconductof device" indicates any devices 
functioning by using semiconductor characteristics, and 
includes the foregoing electro-optical device and the 
electronic equipment incorporating the electro-optical 
device in its category. 

2. Description of the Related Art 

[0002] Attention has t>een paid to a technical devel- 
opment for fabricatir>g an active matrix type liquid crys- 
tal display device by forming a thin film transistor 
(hereinafter referred to as a TrT) on a transparent 
glass substrate. Particularly, since high mobility can be 
obtained for a TFT (crystalline TFT) including an active 
layer of a semiconductor film havir>g crystal structure, it 
fias become possit>le to realize image display with high 
fineness by integrating functional circuits on the same 
substrate. 

[0003] In the present specification, the eemicorxJuc- 
tor film having crystal structure includes a single crystal 
semiconductor, a po(ycrystal semicorxJuctor, and a 
microcrystal semiconductor, and further, includes a 
semiconductor disclosed in Japanese Patent Applica- 
tion Laid-open Nos. Hei. 7-130652. Hei. 8-78329, Hei. 
10-135468. or Hei. 10-135469. 

[0004] In order to construct an active matrix type liq- 
uid aystal display de/ice. one million to two million crys- 
talline TFTs are required for only a pixel matrix circuit 
(hereinafter referred to as a "pixel portion^, and further, 
when functional circuits provided at the periphery are 
added, more crystalline TFTs have been required. The 
specification required tor the liquid crystal display 
device is severe, and in order to staUy perform image 
display, it has been necessary to secure reliability of 
each crystalline TFT. 

[0005] The characteristics of a TFT can be consid- 
ered by dividing them into two states of an on state arxJ 
an off state. The characteristics such as an on cunent 
mobility, S-value, and threshold value can be knov^ 
from the characteristics of XUe on state. In the character- 
istics of the off state, importance is attached to an off 
current. 

[0006] The pixel portion of the active matrix type liq- 
uid crystal display device is constructed t^y arranging n- 



channel TFTs two-dimensionally. and is drrven by appli- 
cation of a voltage having an amplitude of about 15 to 
20 V Here, ft is natural tFiat the characteristics of the on 
state are satisfied, and further, it has been necessary 

5 that the off current is sufficiently lowered 

[0007] On the other harxJ, a driver circuit provided 
at the periphery of tfie pixel portion is cor^tructed using 
a CMOS circuit as a base, and is made up of a shift reg- 
ister, a level shifter, a buffer circuit, and a sampling cir- 

10 cuit In these circuits, importance has been attached 
mainly to the characteristics of the on state. 
[0008] However, the crystalline TFT has a problem 
that the off cunent is apt to become high. 
[0009] Besides, the crystalline TFT has been 

J5 regarded as being inferior to a MOS transistor (transis- 
tor fabricated on a single crystal semiconductor 6ut> 
strate) used for an LSI or the like in reliability For 
example, when the crystalline TFT is continuously 
drrven. a deterioration phenomenon, such as a 

?o decrease in nxibility or on current (current flowing when 
a TFT is in an on state), or an increase in off current 
(current flowing when a TFT is in an off state), has been 
sometimes observed. H hias been considered that this 
cause is a hot carrier effect. arxJ hot carriers generated 

25 by a hiigh electric field in the vicinity of a drain cause the 
deterioration phenomenon. 

[0010] In the MOS transistor, as a method of 
decreasing the off current and relieving the high electric 
field in the vicinity of the drain, a low concentration drain 
3o (LDD: Lightly Doped Drain) structure has been known. 
In this structure, an impurity region having a low con- 
centration is provided outside of a channel region, and 
this low concentration impurity region is called an LDD 
region. 

35 [0011] Naturally, it has been krxwn that the LDD 
structure is formed also in the crystalline TFT. For 
example. Japanese Patent Application Laid-open No. 
Hei. 7-202210 disctoses such a technique that a gate 
electrode is made a two-layer structure having two lay- 

40 ers of different widths, the wrtdth of an upper layer is 
formed to be smaller than the width of a lower layer, and 
ion implantation is perfomr>ed using the gate electrode 
as a mask, so that an LDD region is formed by one step 
of ion implantation using a differerx;e in intrusion depth 

4S of ions which is caused from a difference in thicknesses 
of the two layers of the gate electrode. The TFT has 
such a structure that the gate electrode exists just ever 
the LDD region, that is. a gate overlap structure. 
[0012] The gate overlap structure is known as 

50 GOLD (Gate-drain Overlapped LDD) structure. LATID 
{Large- tilt- angle implanted drain) structure. ITLDD 
(Inverse TLDD) structure, or the like. By this, the high 
electric field in the vicinity of the drain is relieved to pre- 
vent the hot carrier effect, and reliability can be 

55 improved. For example, in "Mutsuko Hatano. Hajime 
AWmoto and Takeshi Sakai. IDEM 97 TECHNICAL 
DIGEST p 523-526, 1977". it is ascertained that 
extremely excellent reliatwlity can be obtained in the 
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GOLD structure with a side wall tormed of silicon as 
compared with TFTb of other structures. 
10013] Hcrwever. the structure disclosed in the 
paper has a problem that the off current becomes high 
as compared with a rtormat LDD structure, artd a coun- £ 
termeasure therefor has been necessary. Particularly, in 
an r>-channel TFT constituting a pixel matrix circuit 
(hereinafter referred to as a "pixel TFT^, if the off cur- 
rent is increased, consumed electric power is irrcreased 
and an abnormality appears on image display Thus, rt jo 
fias not been possble to apply a crystalline TFT of the 
GOLD structure as it is. 

SUMMARY OF THE INVENTION 

75 

[001 4) The present invention is a technique to solve 
such problems, and has an object to realize a cryslalline 
TFT which has reliability connparable to Of superior to a 
MOS transistof. and has excellent characteristics in 
both of the on state and off state Another object of the ?o 
invention is to realize a Nghly reliable semiconductor 
device inclixjing a semiconductor circuit formed of such 
a CTystalline TFT. 

[0015] Figs. 20(1 A) to 20(4 B) schematically show, 
on the t>asis of findings obtained before now. structures 25 
of TFTs arxi Vg-ld (gate voltage versus drain current) 
characteristics obtained tor the structures. Rg. 20(1 A) 
shows the most basic TFT structure in which a semicon- 
ductor layer is constituted by a channel region, a source 
region, and a drain region. Fig. 20(1 B) shows Vg-)d 30 
characteristics of an n-channel TFT, and its +Vg side 
shows characteristics of an on state of the TFT, and its - 
Vg side shows characteristics of an off state. A solid line 
shows characteristics in an initial stale, and a broken 
line shows characteristics in a deteriorated state. In this 35 
structure, both the on current and the off current 
become high, and the deterioration is also high. Thus, in 
general, the TFT in this structure has not been used 
without any change. 

[0016] The structLFe of Fig. 20(2A) is such that an 40 
LDD region is added as compared with the structure of 
Fig.20(1 A). arxJ the LDD region does not overlap with a 
gate electrode. At this time, as shown in Fig. 20(2 B), 
although it has been possible to stppress an off current 
to some degree, it has not been possible to pxevent 4S 
deterioration of an on current. The structure of Fig. 
20(3A) is such that an LDD region completely overiaps 
with a gate electrode, and is called the GOLD structure. 
At this time, as shown in Fig. 20(3 B). although it has 
been possible to suppress deterioration of an on cur- so 
rent, there has t>een a defect that an off current 
increases as compared with the LDD structure. 
[0017] Thus, in the structures shown in Figs. 
20(1 A). 20(2 A), and 20(3A). rt has been inrpossiWe to 
concurrerrtly satisfy both of the characteristics of the on 55 
region arxJ the characteristics of the off region neces- 
sary for a pixel portion ti:>gether with a problem of relia- 
bility. However, as shown in Fig. 20(4A), an LDD region 



4 

IS made to have such a structure that a portion cwerlap- 
ping with a gate electrode and a portion not overlapping 
with the gate electrode are formed. By adopting tiiis 
structure, it becomes possible to sufficiently SLppress 
deterioration of an on current arxl to reduce an off cur- 
rent. 

[0018] The sUucture of Rg. 20(4 A) has been 
obtained through the following consideration. When a 
negative voltage is applied to a gate electrode of an n- 
channel TFT of the structure shown in Rg 20(3A), that 
is. when an off state is produced, in an LDD region 
formed to overlap with the gate electrode, a hole is 
induced at its interlace against a gate insulating film as 
the negative voltage irw eases, so that a current path by 
a minority carrier connectir>g a drain region, the LDD 
region arxJ a channel region is fcxmed. At this time, 
when a positive voltage is applied to the drain region, 
since the hole flows toward the source region side, it is 
considered tfiat this is a cause of increasing the off cur- 
rent, 

[0019] The present inventor has considered that in 
order to cut off such a current path on the way, ft is suf- 
ficient rf such an LDD region that the minority carrier is 
not stored ev^en rf the gate voltage is applied is provided. 
The present invention relates to a thin film transistor 
having such a structure and a circuit using this thin film 
transistor. 

[002 0] Thus , i n a semi conductor devic e compr isi ng : 
a semiconductor layer; a gate insulating fBm formed to 
be in contact with the semiconductor layer; and a gate 
electrode formed to be in contact with the gate insulat- 
ing film, the structure of the present invention is charac- 
terized in tfiat: 

the gate electrode irtcludes: 

a first layer of the gate electrode made of a 
semiconductor f im formed to be in contact with 
the gate insulating film; and 
a second layer of the gate electrode formed to 
be in contact with the first layer of the gate elec- 
trode: 

the semiconductor layer includes: 

a channel formation region; 

a first impurit/ region of one conductivity type; 

and 

a second impurity region of the one conductiv- 
ity type sandwiched between the channel for- 
mation region and the first impurity region of 
the one conductivity type and being in contact 
with the channel formation region; and 

a part of the second impurity region of the one con- 
ductivity type overlaps with the first layer of the gate 
electrode through the gate ir^lating film. 
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[0021] Also, in a serm conductor d&/ice comprising: 
a semiconductof layer; a gale insuiating film formed to 
be in corrtact with the semicorxJuctor layer; and a gate 
electrode formed to be in contact with the gate insulat- 
ing film. arKJther structure of the present invention is 
characterized in that the gate electrode irtcJudes: 

a first layer of the gate electrode made of a semi- 
conductor fiim formed to be in contact with the gate 
insulating film; and 

a second layer of the gate electrode formed to be in 
contact with the first layer of the gate electrode arxJ 
to be disposed inside the first layer of the gate elec- 
trode; 

the semiconductor layer includes: 

a channel formation region; 

a first impurity region of one corxiuctivity type; 

and 

a second impurity region of the one conductiv- 
ity type sarkjwiched between the channel for- 
mation region and the first inrpurity region of 
the one cortdudivity type and being in contact 
with the channel formation region; and 

a part of the second impurity region of the one con- 
ductivity type overlaps with the first layer of the gate 
electrode through the gate Insulating film. 

[0022] Further, In a semiconductor device compris* 
ir>g: a semiconductor layer; a gate insulating fiim formed 
to be in contact with the semicorKJuctor layer; and a 
gate electrode formed to be in contact with the gate 
insulating film, arxjther stnjcture of the present inven- 
tion is characterized in that: 

the gate electrode includes: 

a first layer of the gate electrode made of a 
semiconductor film formed to be in contact with 
the gate insulating fim; and 
a second layer of the gate electrode formed to 
be in contact with the first layer of the gate elec- 
trode and having a length in a channel length 
direction shorter than the first layer of the gate 
electrode; 

the semiconductor layer includes: 

a channel formation region; 

a first impurity region of one conductivity type; 

and 

a secorxJ impurity region of the one conductiv- 
ity type sandwiched between the channel for- 
mation region and the first impurity region of 
the one conductivity type and being in corrtact 
with the channel formation region; and 
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a part of the second impurity region of the one con- 
ductivity type overlaps with the first layer of the gate 
electrode through the gate insulating film 

5 [0023] Still further, in a semiconductor device com- 
prising: a semiconductor layer; a gale insulating film 
formed to be in contact with the semiconductor layer; 
and a gate electrode formed to be in contact with the 
gate insulating film, another structure of the present 
to invention is characterized in that: 

the gate electrode has a structure of two layers hav- 
ing different lengths in a channel length direction 
and includes: 

15 

a first layer of the gate electrode made of a 
semiconductor film formed to be in contact with 
the gate irisulating film; and 
a second layer of the gate electrode formed to 
20 be in contact with the first layer of the gate elec- 

trode and having a length in the channel length 
direction shorter than the first layer of the gate 
electrode; 

25 the semiconductor layer includes: 

a channel formation region; 
a first impurity region of one conductivity type; 
and 

30 a second impurity region of the one conductiv- 

ity type sarxSwiched between the channel for- 
mation region and the first impurity region of 
the one conductivity type and being in contact 
with the channel formation region; and 

35 

a part of the second impurity region of the one con- 
ductivity type overlaps with the first layer of the gate 
electrode through the gate insulating fflm. 

40 [0024] In the above structures, it is premised that a 
concenti^ation of the impurity element of tfie one con- 
ductivity type in the second impurity region is Icwer than 
a concentration of the impurity element of the one con- 
ductivity type in the first impurity region. 
45 [0025] Further, the present invention is character- 
ized in that a semiconductor layer of the one corxiuctiv- 
ity type, an insulating film formed to be in contact with 
the semiconductor layer. arxJ an electrode made up of a 
semicofxJuctor film formed to be in contact with the 
50 insulating film, form a capacitance, and the semicon- 
ductor layer of the one conductivity tyF>e is connected 
with the first impurity region. 

[0026] Also, in a semiconductor device comprising: 
a pixel portion including an n-channel tiiin f ilm transistor. 
55 arxjther structure of the present invention is character- 
ized in that; a gate electrode of the n-channel thin film 
transistor includes: 
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a first layer of ttie gate efectrcxJe made of a semi- 
conductor film formed to be in contact with a gale 
tnsulating film; and 

a second layer of the gate etectrode formed to be in 
contact with the first layer of the gate electrode; 

a semiconductor layer of the n-channel thin film 
transistor includes: 



a first layer of the gate electrode made of a semi- 
conductor titm formed to be in contact with a gate 
insulating film; and 

a second layer of the gate electrode formed to be tn 
contact with the first layer of the gate electrode; 

a semiconductor layer of the n-channel thin film 
transistor includes: 



a ct^nnd fornr«tion region; 
a first impurity region of one conductivity type, and 
a secorxj impurrty region of the one corxluctivily 
type sandwiched between the cfTannel formatton 
region and the first impurity region of the one con- 
ductivrty type and being in contact with the channel 
formation region; and 

a part of the secor>d impunty region of the one 
corxluctivity type werlaps with the first layer of 
the gate electrode through the gate insulating 
film. 



a channel formation region; 

a first irrpurity region of one conductivity type, artd 
a sccofxj impurity region of the one conductivity 
type sandwiched between the channel formation 
region and the first impurity region of tfie one con- 
ductivity type and being in contact with the channel 
formation region, and 

a part of tfie secorxJ impurity region of the one 
conductivity type overlaps with tfie first layer of 
the gate electrode through the gate insulating 
film. 



[0027] Still further, in a semicorxiuctor device com- 
prising: a CMOS circuit including an n-channel thin film 
transistor and a p-channel thin film transistor, another 
structure of the present invention is characterized in that 
a gate electrode of the n-ch»annel thin film transistor 
includes: 

a first layer of the gate electrode made of a semi- 
conductor film formed to be in contact with a gate 
insulating film; arxJ 

a second layer of the gate electrode formed to be in 
contact with the first layer of the gate electrode; 

a semiconductor layer of the n-channel thin film 
transistor irjcludes: 

a channel formation region; 

a first impurity region of one conductivity type; arxi 
a secorxl impurity region of the one conductivity 
type sandwiched between the channel formation 
region and the first irrpurity region of the one con- 
ductivity type arxt beir>g in contact with the channel 
formation region; and 

a part of the second impurity region of the one 
conductivity type overlaps with the first layer of 
the gate electrode through the gate insulating 
film. 

[0028] Yet further, in a semiconductor device conv 
prisir>g: a pixel [Xirtion irtcludirtg an n-channei thin film 
transistor; and a CMOS circuit formed with an n-chan- 
nel thin lim transistor and a p-channef thin film transis- 
tor, another structure of the present invention is 
cfTaracterized in that a gate electrode of the rxtiannel 
thin film transistor includes: 



[0029] In the above-mentioned structures of the 
present invention, a length of the secorKl layer of the 

?5 gate electrode of the rv-channel thin film transistor is 
made shorter in a channel length direction than that of 
the first layer of the gate electrode. 
[0030] Also, in the above-mentioned structures of 
the present invention, it is characterized in that a semi- 

30 corxJuctor layer of the one conductivity type, an insulat- 
ing film formed to be in contact with the semiconductor 
layer, and an electrode made of a semiconductor film 
formed to be in contact with the insulating film, form a 
capacrtance; and the capadtance is connected with the 

35 n-charmel or p-channel thin film transistor. And. the 
semiconductor layer of the one conductivity type may be 
continuously formed with the semiconductor layer of the 
n-channel or p-channel thin film transistor. 
[0031] In addition, in the structure of the present 

40 invention, it is preferable that the first layer of the gate 
electrode is made of one kind or plural kinds of ele- 
ments selected from the group ccnsistirkg of silicon (Si) 
and germanium (Ge). or a compound containing the 
element as its main ingredient, and the second layer of 

45 the gate electrode is made of one kind or plural kinds of 
elements selected from the group consisting of titanium 
{T(), tantalum (Ta). tungsten (W), and molytxfenum 
(Mo), or a corrpourxi containing the element as its main 
ingredient. 

50 [0032] Also, another structure of the present inven- 
tion is characterized by comprising: 

a step of forming a semicofxJudor layer on a sub- 
strate; 

55 a step of forming a gate insulating film to be in corv 
tact with the semiconductor layer; 
a step of forming a first corxJuctive film to be in corv 
tact with the gate insulating film; 
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a step of forming a second conductive film to be in 

contact with the first conductive film; 

a step of fcxnning a second layer of a gate electrode 

from the secorxJ conductive film; 

a first impurity adding step of selectively adding an 

impurity element of one corxjuctivity type to the 

semicorxJuctof layer; 

a step of forming a first layer of the gate electrode 
from the first corxiuctive fim; and 
a second impurity adding step of selectively adding 
an impurity element of the one corxJuctivity type to 
the semiconductor layer. 

[0033] Further, another structure of the present 
invention is characterized by connprising: 

a step of forming a semiconductor layer on a sub- 
strate; 

a step of forming a gate insulating film to be in con- 
tact with the semiccnductor layer; 
a step of forming a first corKfuclive film to be in con- 
tact with the gate insulating film; 
a step of forming a second conductive film to be in 
contact with the first cortductive fim; 
a step of forming a second layer of a gate electrode 
from the Gecond conductive film; 
a first impurity adding step of seledivety adding an 
impurity element of one conductivity type to the 
semiconductor layer; 

a step of forming a first layer of the gate electrode 

from the first conductive film; 

a second impurity adding step of selectively adding 

an impurity element of the one conductivity type to 

the semiconductor layer; arxJ 

a step of removing a part of the first layer of the gate 

electrode. 

[0034] Still ftjrther, another structure ot the present 
invention is characterized by comprising: 

a step of forming a first semiconductor layer and a 
second semicorxluctor layer on a substrate: 
a step of forming a gate insulating film to be in con- 
tact with the first semiconductor layer and the sec- 
ond semiconductor layer; 

a step of forming a first conductive film to be in con- 
tact with the gate insulating film; 
a step of forming a secorvl conductive film to be in 
contact with the first corxluctive fim; 
a step of forming a secorxJ layer of a gate electrode 
from the second conductive film; 
a first impurity adding step of selectively adding an 
impurity eJement of one conductivity type to at least 
the first semiconductor layer; 
a third innpurrty adcfing step of seJectrvely adding an 
impurity element of a conductivity type opposite to 
the one conductivity type to the secorxJ semicon- 
ductor layer; 



a step of tornrung a first layer of the gate electrode 
from the first corxJuctive film; 
a second inpurity adding step of selectlvety addirtg 
an impunty element of the one conductivity type to 
5 at least the first semicorxluctor layer 

[0035] Yet further, another structure of the present 
inventKXi is characterized by comprising: 

to a step of forming a f rst semicorKluctor layer and a 
second semicorxJuctor layer on a substrate; 
a step of forming a gate insulating film to be in con- 
tact with the first semicorxluctor layer arxf the sec- 
ond semicorxluctor layer; 

15 a step of fcirming a first conductive film to t>e in con- 
tact with the gate insulating film; 
a step of forming a second conductive film to be in 
contact with the first corxluctive film; 
a step of forming a second layer of a gate electrode 

po from the second conductive film; 

a first impurity adding step of selectively adding an 
impurity element of one corxluctivity type to at least 
the first semicorxJuctor layer; 
a third impurity adding step of selectively adding an 

25 impurity element of a conductivity type opposite to 
the one conductivity type to the second semicorv 
ductor layer; 

a step of forming a first layer of the gate electrode 
from the first conductive film; 
30 a second impurity adding step of selectively adding 
an impurity elemerrt of the one conductivity type to 
at least the first semiconductor layer; and 
a step of removing a part of the first layer ot the gate 
electrode. 

55 

[0036] In the above-mentioned structure of the 
present invention, the first layer of the gate electrode is 
made of one kind or plural kinds of elements selected 
from the group consisting otf silicon (Si) and germanium 

40 (Ge), or a compound containing the element as its main 
ingredient, arxi the second layer of the gate electrode is 
made of one kind or plural kinds of elements selected 
from the group consisting of titanium (Ti), tantalum (Ta), 
tungsten (W). and molytxJenum (Mo), or a compourxJ 

45 containing the element as its main ingredient. 

PRI £F P ES CRIPTIQN Of TME PRAWINQS 
[0037] 

50 

Figs. 1 A to 1 F are sectional views showing fabricat- 
ing steps of a TFT. 

Rgs. 2A. 2B and 2C are a sectional view, a top 
view, and a circuit diagram of an inverter circuit 
55 Rgs. 3A to 3C are views for explaining the posi- 

tional relation between a gate electrode and a sec- 
ond impurity region. 

Rgs. 4 A to 4C are sectional views showing fabricat- 
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ing steps of a TFT 

Figs. 5A to 5C are sectional views showing fabricat- 
ing steps of a TFT 

Fig, 6 is a sectional view of an active matrix sub- 
strate. 

Figs. 7A arxJ 7B are sectional views showing fabri- 
cating steps of a TFT. 

Figs. 8A and 8B are sectional views showing fabri- 
cating steps of 3 TFT. 

Fig. 9 is a perspective view of an active matrix sub- 
strate. 

Rgs. 10A and 10B are partial top views of an active 
matrix circuit arxi a CMOS drcurt. 
F\QS. ^ 1 A and 11 B are sectional views showing fab- 
ricating steps of a liquid crystal display d©/ice. 
Figs. 12A and 128 are views sfxTwing fabricating 
steps of a crystatline silicon film. 
Figs. 13A and 13B are views showing fabricating 
stepe of a crystatline silicon film. 
Figs. 14A and 148 are views showing fabficatir»g 
steps of a crystalline silicon film. 
Figs. ISA arxf 15B are views showing fabricating 
steps of a crystalline silicon film. 
Rgs. 1 6A and 16B are sectional views showing fab- 
ricating steps of a TFT. 

Rg. 1 7 Is a circuit bock diagram of an embodimwrt 
of an active matrix type liquid crystal display device. 
Rgs. 18A to 18D are views shewing structural 
exarrples of TFTs of the present invention. 
Rgs. 19A to 19E are views sfxwing examples of 
semicorxJuctof devices. 

Rgs. 20(1 A) to 20(4B) are views showing struc- 
tures of TFTs and their electrical characteristics. 
Rgs. 21 A and 21 B and 21C are circurt diagrams of 
the present invention. 

Rg. 22 is a view showing light transmittance char- 
acteristics of a threshoWless antiferroefectric liquid 
crystal. 

Rgs. 23A to 23D are views showing examples of 
semiconductor devices. 

Rgs. 24A to 24D are views showing examples of 
semiconductor devices. 

Rgs. 25A to 27C are views showing fabricating 
steps of a TFT. 

Rgs. 28 A and 28B are plan views showing a part of 
an active matrix substrate. 

Rgs. 29A and 29B are cross-sectional views of 
Figs. 28A artd 288. 

Rgs. 30 A to 30C are views showing fabricating 
steps of a TFT 

Rgs.31A and 31 B are views showing fabricating 
steps of the present invention. 
Rg.32A is a plan view showing an EL display. 
Rg.32B is a cross-sectional view showing the EL 
display of Rg 32 A. 

Rg.33A is a plan view showing an EL display. 
Rg.33B is a cross-sectional view shoving the EL 
display of Rg.33A. 



Fig. 34 is a cross-sectional view showing a pixel por- 
tion of an EL display. 

Rg.35A is a plan view showing the pixel portion of 
the EL display of Fig. 34. 
i Fig.35B is a circuit diagram of the pixel portion of 

Fig.34. 

Fig. 36 is a cross-sectional view showing a pixel por- 
bon of an EL display 

'0 DETAILED DESCRIPTIO N OF THE INVENTION 

Embodiment Mode 1 

[0038] The mode of carrying out the present inven- 
15 tion vkill be described with reference to Figs. 1A to IF 
and Figs. 2A to 2C. Here, a description will be made on 
an example in which an n-channel TFT and a p-channel 
TFT are fabricated on a substrate at the same time to 
form an inverter circuit as a basic structure of a CMOS 
20 circuit. 

[0039] As a substrate 101 having an insulating sur- 
face, a glass substrate, a plastic substrate, a ceramic 
substrate, or the like may be used. Besides, a silicon 
substrate in which an insulating film such as a silicon 
25 oxide film is formed on its surface, or a stainless sub- 
strate may be used. A quartz substrate may also be 
used. 

[0040] An under film 102 made of a silicon nitride 
film and an under film 103 made of a silicon oxide film 

30 are tormed on a surface of the substrate 1 01 on which a 
TFT is to be formed. These under films may be formed 
by a plasma CVD method or a sputtering method, and 
are provided in order to prevent an impurity from diffus- 
ing from the substrate 101 to a semiconductor layer. For 

35 that purpose, it is appropriate that the under film 102 
made of the silicon nitride film is formed to a thickness 
of 20 to 100 nm, typically 50 nm. and the urxfer film 103 
made of the silicon oxide film is formed to a thickness of 
50 to 500 nm, typically 150 to 200 nm. 

40 [0041] Of course, although the under film may be 
formed of only the under fim 102 made of the silicon 
nitride film or the urtder flm 103 roade of the silicon 
oxide film, it is prefer^ e to rrrake a twoHayer structure 
in view of reliability of a TFT. 

45 [0042] As a semioonductor layer formed to be in 
contact with the under film 103. tt is desirable to use a 
crystalline semiconductor obtained by forming an arrxx- 
phous semiconductor by a film formation method such 
as a plasma CVD method, a low pressure CVD method. 

50 or a sputtering method and crystallizing it by a solid 
phase growth method such as a laser crystallizing 
method or a heat treatment tt is also po&&it>le to apply a 
microcr y stall ine semiconductor formed by the foregoing 
film formation method. As a semiconductor nnaterial 

55 wrfiich can be applied here, silicon (Si), germanium 
(Ge). silicon germanium alloy, and silicon cart>ide can 
be enumerated, and in addition, a compound semicon- 
ductof material such as gallium arsenide may be used. 
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[0043J Alternatfvely. an SOI (Silicon On Insulators) 
substrate in which, as a semiconductor layer formed on 
the substrate 1 01 , a single crystal silicon layer is tormed 
may be used. Some kinds are known few the SOI sub- 
strate according to its structure and fabricating method, 
and typically. SIMOX (Separation by Implanted Oxy- 
gen). ELTRAN (Epitaxial Layer Transfer: registered 
trademark by Canon Inc.) substrate. Smart-Cut (regis- 
tered trademark by SOtTEC Inc.) or the like may be 
used. Of course, other SOI substrates may be used. 
[0044] The semicorxJuctor layer is formed to a thick- 
ness of 10 to 100 nm, typically 50 nm. AJthough hydro- 
gen at a concentration of 10 to 40 atnn(% is contained in 
an amorphous semiconductor film fabricated by a 
pJasma GVD method, it is desirable that a heat treat- 
nrtent at 400 to SOCC is preferably carried out to remove 
hydrogen from the film so tliat the hydrogen conterrt is 
made 5 atorrr% or less. Although an amorphous silicon 
film may be formed by another fabricating method such 
as a sputtering method or an evaporation method, it is 
desirable that the concentration of an impurity element 
contained in the film, such as oxygen or nitrogen, is suf- 
ficiently reduced. 

[0045] Here, both of the urxJer fim and the amor- 
phous semiconductor film are formed by the plasma 
CVD method, and at this time, the under film arxl the 
amorphous semiconductor film may be continuously 
formed in vacuum. In this case, after the under film was 
formed, the surface was not exposed to the air atmos- 
phere, so that it became possible to prevent pollution of 
the surface, arxJ it was possible to reduce fluctuation in 
characteristics of tornr»ed TFTs. 

[0046] As a step of crystallizing the arrxjrphous 
semiconductor film, a well-known laser crystallizing 
technique or thermal crystallizing technique may be 
used. Especially, if a crystalline semiconductor film is 
formed t»y the thermal crystallizing technique using a 
catalytic element, excellent TFT characteristics can be 
obtained. 

[0047] The thus formed crystalline semiconductor 
film was patterned, so that islarxWike senniconductor 
layers 104 and 105 were formed. 
[0048] Next, a gate irtsulating film 106 containing 
silicon oxide or silicon nitride as its main ingredient is 
formed to cover the tslard-like semiconductor layers 
104 and 105. The gate insulating film 106 is formed by 
a plasma CVD method or a sputtering method, and it is 
appropriate that the thickness is made 10 to 200 nm. 
preferatrfy 50 to 150 nm. 

[0049] A first conductive film 107 which became a 
first layer of a gate electrode and a second conductive 
film 108 which became a secorxi layer of the gate elec- 
trode were formed on the surface of the gate insulating 
film 106. The first corxJuctive film 107 is a semicorKiuc- 
tor film containifxj Si or Ge as its main ingredient. arxJ 
this semiconductor film may be added with an impurity 
element to give an n type or p type conductivity type. It 
is appropriate that the thickness of the first conductive 



film 107 is made 5 to 50 nm. preferably 10 to 30 nm 
[0050] Control of the thicknesses of the gate insu- 
lating film 106 ar>d the first conductive film 107 as the 
first layer of the gate electrode is important. This ts 

s because in a first impurity addition step subsequently 
carried out, an irrpurity to give the n type is added to the 
semicorxfuctor layers 104 and 105 through the gate 
insulating film 106 and the first oorKluctive film 107 as 
the fir^t layer of the gate electrode. Actually, in view of 

10 the thicknesses of the gate insulating film 1 06 and the 
first corxJuctive film 107 as the first layer of the gate 
electrode, and the corx^entration of the impurity to be 
added, the corxiition of the first innpurity addition step is 
determined. When the fc>regoir>g thickness range was 

15 adopted, it was possible to add the impurity element to 
the semiconductor layer. However, if the thicknesses of 
the gate insulating film 106 and the first conductive film 
107 as the first layer of the gale electrode are varied by 
10% or rrxjre of a predetermined original value, the con- 

20 centration of an add impurity is reduced. 

[0051] The second corxJuctive film 108 which 
becomes the second layer of the gate eied rode may be 
formed of an element selected from titanium (Ti), tanta- 
lum (Ta), tungsten (W). and molytxJenum (Mo), or a 

25 compound mainly containing these elements. This is 
considered to reduce electric resistance of the gate 
electrode, and for exannple, Mo-W compound may be 
used. It is appropriate that the thickness of the secorxi 
conductive film 108 is made 200 to 1000 nm. typically 

30 400 nm (Fig. 1A). 

[0052] Next a resist mask was formed by using a 
well-known p>atterning technique, and a step of remov- 
ing a part of the second conductive film 108 was carried 
out. Then, as shown in Fig. IB. second layers 109 and 

35 110 of the gate electrode were formed on the first con- 
ductive film 1 07. The length of the second layer of the 
gate electrode in a channel length direction is suitably 
determined according to required characteristics of a 
TFT. and it was made 3tim here. 

40 [0053] Then, a step of adding a first impurity ele- 
nr>ent to give the n type was carried out. As an impurity 
element to give the n type to a crystalline semiconductor 
material, phosphorus (P), arsenic (As), arrtinx>ny (Sb) 
and the like are krxwn. Here, phosphorus was used and 

45 the step was carried out with an ion doping method 
usir>g phosphine (PH3). In this step, tor the purpose of 
adding phosphorus through the gate insulating film 106 
arxi the first corxJuctive film 107 to the semiconductor 
layer thereunder, an acceleration voltage was set as 

so high as 80 keV. It is preferable that the concentration of 
phosphorus added to the semiconductor layer is within 
the range of 1 x 10^^ to 5 x 10^^ atome/cm^ (typically 1 
X 10""^ to 5 x 10^® atoms/cm^), and here, it was made 1 
X 10^^ atoms/cm^. Then, regions 111. 112. 113 and 114 

55 where phosphorus was added into the semiconductor 
layer were formed. Part of the regions formed here 
where phosphorus was added are rr^de second impu- 
rity regions tonctioning as LDD regions (Fig. IB). 
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10054] Next, a resist mask 118 was tormect on a 
region where an n-channel TFT was to be formed. 
Then, a region where the first conductfve film 107 was 
exposed was rerrtoved by etchir>g. As a result istarxi- 
like first cxjnductive films 121 and 122 remained in the 
region where the n-channel TFT was to be formed. 
[0055] A step of adding a third impurity elemerrt to 
give a p type was carried out only in a region where a p- 
channel TFT was to be formed. As an impurity ejement 
to give the p type, boron (B). aluminum (AI). arxJ gallium 
(Ga) are krxwn. Here, boron was added as the impurity 
element by an ion doping method using diborane 
(B^Hg). Also in this step, an accelerabon voltage was 
made 80 keV, arxJ boron was added at a concentration 
of 2 X 10^ atoms /cm^. Then, as shown in Fig 1C. third 
irrpurrty regions 119 artd 120 where boron was added 
at a high concentration were formed (Fig. 1C). 
[0056] After the resist mask 118 was completely 
removed, resist masks 123 and 124 were formed. The 
resist mask 123 is used as a mask for formir^ a first 
inpurity region which becomes a source region and a 
drain region in the n-channel TFT That (S. by the shape 
of the resist mask 123. it is possjWe to freely set the 
area of the region where tt>e first impurity region is 
formed in the region where the semiconductor layer 104 
exists. 

[0057] Here, as shown In Fig. 1C. the resist mask 
1 23 was formed, arxJ a step of addirig a second impurity 
element to give the n type was carried out A first inpu- 
rity region 1 25 which became a source region arxJ a first 
impurity region 1 26 which became a drari region were 
formed. Here, the step was carried out by an ion doping 
method using phosphine (PH3). Also in this step, for the 
purpose of adding phosphorus through the gate insulat- 
ing film 106 to the semiccMxIuctof layer thereunder, an 
acceleration voltage was set as high as 80 keV. The 
concentration of phosphorus in this region is high as 
compared with the step of addirtg the first impurity ele- 
ment to give the n type, and it is preferable that the con- 
centration is made 1 x 10^° to 1 x 10^' atoms/cm^ 
(typically. 1 x 10^ to 5 x 10^° atonns/cnni^). and here, it 
was voadQ 1 x 10^° atoms/cm^. 

[0058] Prior to this step, the regions where the first 
conductive films 121 arxf 122 were exposed were 
rerrtoved by etchir>g ustrtg the resist mask 123. By doing 
so, it was possible to effectively carry out the step of 
adding the secorxJ impurity element to give the n type 
(Fig. ID). 

[0059] Further, the resist masks 123 and 124 were 
removed, and resist masks 130 and 131 were newly 
formed. In this step^ the length of the resist mask 1 30 in 
the channel length direction forrr»ed in the r>-channet 
TFT was important in determination of the structure of 
the TFT. The resist mask 130 is provided for the pur- 
pose of rerrxTving a part of the first conductive film 127, 
and by this length of the resist mask, it was possible to 
freely determine a region where the second impurity 
region overlaps with tf>e gate electrode and a region 
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where the second impurity region does not overlap with 
the gate electrode within a certain range (Fig. IE). 
[0060] Then a first layer 132 of the gate electrode 
was formed as shown in Rg. 1 F. 

5 [0061] Then a silicon nitride film 1 33 was formed on 
the surfaces of the gate insulating film 106, the first layer 
132 of the gate electrode. arxJ the secorxj layers 109 
and 1 10 of the gate electrode. Further, a first interiayer 
insulating film 134 was formed thereon. The stiicon 

w nitride film 133 was fornr>ed to a thickness of 50 nm. and 
the first interiayer insulating film 1 34 was for nrted of a sil- 
icon oxkJe film having a thickness of 950 nm. 
[0062] The silicon nitride film 133 formed here was 
necessary to carry out a next step of heat treatment. 

75 This was effective in an object of preventing oxidation of 
the surfaces of the second layers 109 and 110 of the 
gate electrode. 

[0063] It was necessary to cany out the step of heat 
treatment so that the impurity elements added at each 

20 concentration to give the n t^e or p type were acti- 
vated. This step may be carried out by a thermal 
annealing method using an electric heating furnace, the 
foregoing laser annealing method using an excimer 
laser, or a rapid thermal annealing method (RTA 

25 method) using a halogen lamp. However, although the 
laser annealing metfxxi can make activation at a low 
substrate heating temperature, it has been difficult to 
make activation up to a region concealed under the gate 
electrode. Thus, here, the step of activation was carried 

30 out by the thermal annealing method. The heat treat- 
ment was carried out in a nitrogen atmosphere at 300 to 
700»C, preferably 350 to SSO-'C. here 450*'C for 2 hours. 
[0064] Thereafter, the first irrterlayer insulating film 
134 and the silicon nitride film 133 were subjected to 

35 patterning so that contact holes reaching the source 
region arxJ the drain region of each TFT were formed. 
Then, source electrodes 135 and 136 arxi a drain elec- 
trode 137 were formed. Although not shown, in this 
example, the respective electrodes were used as a 

40 three-layer electrode in which a Ti film having a thick- 
ness of 100 nm. an AI film containing Ti and having a 
thickness of 300 nm, and a Ti film having a thickness of 
150 nm were continuously formed by a sputtering 
method. 

4S [0065] Through the foregoing steps, a channel for- 
mation region 138, first impurity regions 140 and 141, 
and a second impurity region 1 39 were formed in the rv 
channel TFT of the CMOS drcurt. Here, in the secorxJ 
impurity region, a region (GOLD region) 139a overlap- 
so ping with the gate electrode and a region (LDD region) 
139b rKrt overlapping writh the gate electrode were 
formed, respectively. The first inrpurity region 140 
became the source region, and the first impurity region 
141 became the drain region. 
55 [0066] On the other hand, in the p-channel TFT. a 
channel Jormation region 142. and tfiind inpurity regions 
1 43 arxJ 1 44 were formed. The third impurity region 143 
became the source region, and the third impurity region 
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1 44 became the dram region (Fig 2A) 
[0067] Fig. 2A is a sectional structural view of an 
inverter circurt, and shows an A-A' sectional structure in 
a top view of the inverter circuit shown in Fig. 2B. Irici- 
dentaily. individual terminal portions "a", "b". arxJ "c" in s 
an inverter circuit diagram shown in Fig 2C corresporxJ 
to individual terminals shown in the top view of the 
inverter circurt. 

[0068J Although Figs. 1A to 1F and Figs. 2A to 2C 
show the CMOS circuit formed by complementer ily io 
combining the n-channel TFT and the p-channel TFT as 
an example, the present invention can also be applied 
to an NMOS circuit using an n-channel TFT or a pixel 
portion of a liquid ayslal display device. 

15 

Ennbodimen t Mode 2 

[0069] According to the present irT^^ention. as shown 
In Figs. 3A and 3B. a secorxJ irrpurity region which 
becomes an LDD region can be divided into secord 20 
impurity regions 305a arxJ 306a overlapping with a first 
layer 302 of a gate electrode, and secorxJ impurity 
regions 305b arxJ 306b rot overlapping with the gate 
electrode. That is, LDD regions overlapping with the 
gate electrode arxi LDD regions not overlapping with ps 
the gate electrode are formed. Distinctive formation of 
the regions can be easily carried out by using a nrtask of 
photoresist, and was carried out by a first impurity add- 
ing step and a secorxi impurity adding step of forming a 
first impurity region. 30 
[0070] That is. it is possible to art)itrarily set the 
lengths XI, X2. Y1 and Y2 of the respective LDD 
regions shown in Fig. 3A within a range. Here, in view of 
characteristics including reliability of an n-channe* TFT, 
although the second impurity regions 306a and 306b 35 
provided at the side of a first imfxirity region (drain 
region) 308 were indispensable, the second impurity 
regions 305a and 305b provided at the opposite side 
with the intervening gate electrode were not indispensa- 
We but might be provided suitably in view of operating 40 
environment of the n-channel TFT. 
[0071 ] This was a very uselut method when circurts 
with different driving voltages were fabricated on the 
same substrate. Rg. 3C shows an example of design 
values of a TFT used for a logic circuit portion, a buffer 45 
circuit portion, an analog switch portion, and a pixel f>or- 
tion of a liquid crystal display device. At this Mme, in view 
of driving voltage of each TFT. it becomes pos&ble to 
set the lengths of the second impurrty regions 305a and 
306a overlapping with the gate electrode and the sec- so 
ond impurity regions 305b and 306b not overlapping 
with the gate electrode, nd to mention a channel length. 
[0072] For example, in a TFT of a logic circuit por- 
tion of a driver circurt of a liquid crystal display device or 
a TFT of a buffer circuit portion, since importarx;e is 55 
basically attached to an on characteristic, the so-called 
GOLD structure may be adopted, and the second impu- 
rity region 306b not overlapping with the gate electrode 
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ts r>ot necessarily needed to be prov>ded However, if 
the region is provided, it is appropriate that the value of 
XI is set within the range of 0 1 to 4 ^m. typically 0.5 to 
3 \im in view of the driving voltage. In all events, in view 
of the wrthstand voltage, it is desirable that the value of 
the length of the second impurity region 3066 not over- 
lapping with the gate electrode is made targe as the 
driving voltage becomes high. At this bme, it was not 
necessary to dare to provide the second inpurity 
regions 305a and 305b at the side of the first impurity 
region (source region) 307. 

[0073] In a TFT provided in a sampling circuit or a 
pixel portion, since an increase of an off current might 
cause a trouble, in the case where the channel length 
was. tor example. 3 pm. rt was sufficient rt the length of 
the second impurrty regions 305a and 306a overlapping 
with the gate electrode was made 1 .5 ^m and that of the 
second impurity regions 305b and 306b not overlapping 
with the gate electrode was made 1.5 ^tm. Of course, 
the present invention is not limited to the design values 
indicated here, but the values may be suitably deter- 
mined. 

[0074] As described above, in the present inven- 
tion, the lengths of the first layer of the gate electrode 
and the second layer of the gate electrode in the chan- 
nel length direction had significant relation to the struc- 
ture of the TFT to be fabricated. The length of the 
second layer of the gate electrode in the channel length 
was almost equal to the channel length L. At this time, it 
was sufficient if the length L was nr^ade a value of 0. 1 to 
10 nm, typically 0.2 to 5^m. 

[0075] The ter>gths Yl arxf Y2 where the second 
impurity regions 305 and 306 overlap wrth the gate elec- 
trode have ctose relation to the length of the first layer 
302 of the gate electrode. It is desirable that the length 
of Yl and Y2 are 0.1 to 4 ^m. typically 0.5 to 3 jun. 
Although there is also a case where rt is not necessarily 
needed to provide the lengths XI and X2 of the second 
impurity regions 305 and 306 not overlapping with the 
gate electrode as descrtoed atxjve. in general, rt is 
appropriate that the length is nnade 0. 1 to 3 jim. typically 
0.3 to 2 M^m. In all events, rt is appropriate to suitably 
determine the length in view of the operating state of the 
TFT. 

[0076] In the n-channel TFT, the LDD regions are 
only the second impurrty regions 306a and 306b. In the 
case where voltage wrth both polarrties is applied like 
the r><;hannel TFT of the pixel portion, rt is desirable to 
provide the regions at both of the source region side 
307 arxi drain region side 308 wrth the channel forma- 
tion region 304 as the center. 

[0077] On the other hard, in the p-chamei TFT. rt is 
sufficient if only the channel tormation region 304. the 
source region 307. and the drain region 308 are formed. 
Of course, although thte same structure as the n-chan- 
nel TFT of the present invention may be adopted, sirx;e 
the p-chamel TFT has originally high reliabilrty, it is 
preferable to secure an on current and to take a charac- 
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teristic balance to the rx:hannel TFT In the case where 
the present invention is applied to the CMOS circuit as 
shown in Ftgs. 1 A to IF, it is especially important to take 
this characteristic balance. However, there is no pfob- 
lem even rf the structure of the present invention is 
applied to the p-channet TFT. 

Embodiment 1 

[0078] In this embodiment, a structure of the 
present invention will be described with refererx;e to 
Figs. 4A to 6 and a description will be made on a 
method of simuttaneously fabricatir>g a pixel porbon arxJ 
a CMOS circuit as a basic structure of a driver circuit 
provided on its periphery. 

[0079] In Figs. 4A to 4C. as a substrate 401. an 
atkali-free glass substrate typified by. tor example, a 
substrate 1 737 glass made by Corning Inc. was used. 
An urxJer film 402 was formed on the surface of the sub- 
strate 401 on which TFTs were to be formed As the 
under film 402. afthough not shown, a silicon nitride film 
having a thickness of 25 to 100 rm, here. 50 nm. and a 
silicon oxide flm hiavirtg a thickness of 50 to 300 nm. 
here. 150 nm were formed. The under film 402 may be 
formed using only a silicon nitride film or a silicon nitride 
QxkJe film. 

[0080] The under film 402 may be formed of one 
layer of the above material or a laminate structure of not 
less than, or equal to two layers. In all events, the film is 
formed to a thickness of about 100 to 300 nm. f^ 
example, the uryJer film 402 may be fonned of such a 
two- layer structure that a first silicon nitride oxide film 
having a thickness of 10 to 100 nm is fabricated by a 
plasma CVD nr>ethod from SiH4. NHa and NjO. and a 
secorxJ silicon nitride oxide tSm fabricated from SiH4 
and NgO and having a thickness of 100 to 200 nm is 
laminated thereon. 

[0081] Next, an arrxxphous silicon film having a 
thickness of 50 nm was formed on the under film 402 by 
a plasma CVD method. H is desirable that in accord- 
ance with the hydrogen content the anrxxphous silicon 
film is preferably heated at 400 to 550 "C for several 
hours to carry out a dehydrogenating process so that 
the hydrogen content is made 5 atorn% or less, and 
then, a step of crystallization is carried out. AHhough the 
amorphous silicon film may be formed by another fabri- 
catir)g nr>ethod such as a sputtering method or an evap- 
oration method. It is desirable that impurity elements 
such as oxygen and nitrogen contained in the film are 
sufficiently decreased in advance. 
[0082] Here, both the under film and the amor- 
pIxHiS silicon film are fabricated by the plasma CVD 
method, and at this time, the under film and the amor- 
phous silicon film may be continuously formed in vac- 
uum. By making such a step that the under film was not 
exposed to the air after it was formed, it became possi- 
ble to prevent pollution of the surface and it was possi- 
ble to reduce fluctuation in characteristics of TFTs 



20 

fabricated 

[0083] As a step of crystallizing the anxnphous sili- 
con film, a well4cnown laser crystallizing technique or a 
thermal crystallizing technique may be used. In this 

5 embocfiment. a pulse oscillation type Kr F excimer laser 
beam was linearly condensed and was irradiated to the 
amorphous silicon film to form a crystalline silicon film. 
[0084] In this embodiment, as the semicorxfuctor 
layer, although the crystalline silicon film is formed from 

10 the amorphous silicon film, a microcrystal silicon film 
nr^ay be used, or a crystalline silicon film may be directly 
formed. 

[0085] The thus formed crystalline silicon film was 
patterned to form island-like semiconductor layers 403. 

15 404 and 405 

[0086] Next a gate insulating film 406 containing 
silicon oxide or silicon nitride as its nnain ingredient was 
formed to cover the island-like semiconductor layers 
403. 404 arfo 405. As the gate insulating film 406. a sil- 

20 icon nitride oxide film having a thickness of 10 to 200 
nm, preferably 50 to 150 nm may be formed by a plasma 
CVD method using NgO and SiH4 as a raw material. 
Here, the film was formed to a thickness of 1 00 nm. 
[0087] Then, a first corxJuctive film 407 which 

P5 became a first layer of a gate electrode and a second 
conductive film 408 which became a secorxj layer of the 
gate electrode were formed on the surface of the gate 
insulating film 406. The first conductive film 407 may be 
formed of a semiconductor film containing an element 

30 selected from Si and Ge, or containing the element as 
its main ingredient It is necessary that the thickness of 
the first conductive film 407 is made 5 to 500 nm, pref- 
erably 10 to 30 nm. Here, a Si film having a thickness of 
20 nm was formed. 

35 [0088] An impurity element to give the n type or p 
type conductivity type may be added to the semicon- 
ductor film used as the first conductive f im. A method of 
fabricating this semiconductor film nnay be carried out in 
accordance with a well-known method. For example, 

40 the film can be fabricated by a low pressure CVD 
method under the corxiition that the substrate tempera- 
ture is made 450 to 500*'C, and disilane (Si2H6) of 250 
SCCM and helium (He) of 300 SCCM are introduced. At 
the same time, an n-type semiconductor film may be 

45 formedby mixing PHgOf 0.1 to2%to Si2H6. 

[0089] The second conductive film which becomes 
the second layer of the gate electrode may be formed of 
an element selected from Ti, Ta, W and Mo, or a com- 
pound containing the foregoing elennent as its main 

50 ingredient. This is considered to decrease electric 
resistance of the gate electrode, and for example, a Mo- 
W connpouTKl may be used. Here, Ta was used and the 
film was fonmed to a thickness of 200 to 1000 nm, typi- 
cally 400 nm by a sputtering metfxxi (Fig. 4A). 

55 [0090] In the case where the Ta film is used, the film 
can be sinnilarly formed by a sputtering method. For the 
Ta film, Ar is used as a sputtering gas. If a suitable 
amount of Xe or Kr is added to the sputtering gas, it is 
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possible to relieve inner stress of a formed film and to 
prevent peeling of the film. Although the Ta film with a 
phase a has a resistivity of about 20 i^Ocm arxJ can be 
used for a gate elsctrode. the Ta film with a phase p has 
a resistivity of about 180 \xDcm and is unsuitat^le for a 
gate electrode. However, sirx;e a TaN film has a crystal 
structure close to the phase a. if the Ta film is formed 
thereon, the Ta film with the phase a can be easily 
obtained. Thus, the TaN film having a thickness of 10 to 
50 nm may be formed prior to formation of the Ta film. It 
is preferable that the resistivity of the Ta film is made a 
value within the range of 10 to 50 pQcm. 
[0091 J In addition, a W film can also be used, and in 
that case, the W film having a thickness of 200 nm is 
formed by a sputtering method in which W is used as a 
target, arxi argon (A:) gas arxl nHrogen (N2) gas are 
introduced. It is aJso possible to form the W film by a 
thermal CVD method using tungsten beotaflixxide 
(WFg). In all &/ent6. it is necessary to decrease the 
resistarKe in order to use the film as a gate electrode, 
and it is desirable that the resistivity of the W fim is 
made 20 jiHcm or less. Although the resistivity of the W 
film can be decreased by enlarging crystal grains, in the 
case where a lot of impurity elenr>entE such as oxygen 
are contained in the W film, crystallization is obstructed 
arxJ the resistance Is increased. From this, in the case of 
the sputtering method, a W target with a purity of 
99.9999 % is used, arxl further, the W film is formed 
while careful atterrtion is paid to prevent mixture of an 
impurrty from a vapor phase at the film formation, so 
that a resistivity of 9 to 20 \iQcm can be realized. 
[0092] Next, a resist mask was formed by using a 
well-known patterning technique, and a step of fcirming 
the second layer of the gate electrode was carried out 
by etching the second conductive film 408. Sirx;e the 
second conductive film was formed of the Ta film, the 
step was carried out by a dry etching method. As the 
corxJftion of the dry etching, CI2 of ^ SCCM was intro- 
duced artd high frequency electric power of 500 W was 
applied. Then, as shown in Fig. 4B, second layers 409. 
410. 412 and 413 of the gate electrodes and a wiring 
line 41 1 were formed. The lengths of the secorxJ layers 
of the gale electrodes in the channel length direction 
were made such that the length of each of the second 
layers 409 arvJ 410 of the gate electrodes forming the 
CMOS circuit was made 3 iun. The pixel portion has a 
mutti gate staicture and the length of each of the second 
layers 412 arxl 413 of the gate electrode was made 2 
Jim. 

[0093 J Although a slight residual was observed 
after etching, it was possible to remove the residual by 
washing with a solution such as an SPX washing solu- 
tion or an EKC. 

[0094] Besides, it was also possible to renxjve the 
second corxJuctive film 408 by a wet etchir>g method. 
For example, in the case of Ta, it was possible to easily 
remove the film by a hydrofluoric acid based etching 
solution. 
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[0095] Besides, such a structure is adopted that 
holding capacitarKe is provided at a drain side of the 
pixel TFT At this time, a wiring electrode 414 of the 
hoiding capacitance is formed of the same material as 

5 the second corxluctive film. 

[0096] Then, a step of adding a first impurity ele- 
rrtent to give the n type was carried out This step was a 
step of forming the second innpurity region. Here, the 
step was carried out by an ton doping method using 

w phosphine (PHq). In this step, for the purpose of adding 
phosphorus through the gate insulating film 406 and the 
first corxJuctive layer 407 to the semiconductor layer 
under the films, an acceleration voltage was set as high 
as 80 KeV. It is preferable that a concentratfon of phos- 

15 phorus added into the semiconductor layer is made a 
value within the range of 1 x 10^^ to 5 x 10^^ atoms/cm^ 
(typMcally. 1 x 10^^ to 5 x 10^^ atoms/cm^). arxJ here, it 
was made 1 x 10^^ atoms/cm^. Then, regions 415, 416, 
417. 418, 419. 420. 421 and 422 where pfx>sphorus 

20 was added in the semicorxJuctor layer were formed. 
[0097] At this time, phosphorus was added also in a 
region of the first conductive film 407 which did not over- 
lap with the second layers 409, 410. 412 and 41 3 of the 
gate electrodes. Although the concentration of phos- 

^5 phorus in this region was not particularly regulated, an 
effect of decreasing the resistivity of the first conductive 
film was obtained. 

[0098] Next, the region where the n-channel TFT 
was to be fonmed was covered with resist masks 429 

30 and 431 arxi the region where the wiring line was to be 
formed was covered with resist mask 430. arxJ a step of 
renroving a part of the first conductive film 407 was car- 
ried out. Here, the step was carried out by a dry etching 
method. The first corxJuctive film 407 was nnade of Si, 

35 and the condition of the dry etching was such that CF4 
of 50 SCCM ard O2 of 45 SCCM were introduced and 
high frequerrcy electric power of 200 W was applied at a 
pressure of 50 mTorr. As a result, first conductive films 
434. 423 and 435 remained. 

40 [0099] Then, a step of adding a third impurity ele- 
ment to give the p type was carried out for the region 
where the p-channe! TFT was to be formed. Here, the 
element was added by an ion doping method using dib- 
orane (B2H6). Also in this step, the acceleration voltage 

45 was made 80 keV, and boron was added at a concentra- 
tion of 2 X 10^ atoms/cm^. As shown in Fig. 4C, third 
impurity regions 432 and 433 where boron was added 
at a high corKentration were formed <Fig. 4C). 
[0100] Further, the resist masks 429. 430 and 431 

50 were completely renroved, and resist masks 436. 437. 
438, 439. 440 and 441 were again formed. Then, the 
first conductive film was etched by using the resist 
nrasks 436, 439. 440 and 441. so that first corxJuctive 
lims 442. 443. 444 and 445 were newly formed. 

55 [0101] The resist mask 436 was formed to a length 
of 9 Jim, and the resist masks 439 and 440 were formed 
to a length of 7 \im. As a result, phosphorus was added 
in the step of adding the first impurity to give the n type 
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and the regions covered with the resist masks 436, 439 
arxl 440 were defined as second impurity regions in this 
step 

[0102] Then, a step of adding a second impurity to 
give the n type was carried oul. Here, the step was car- 5 
ried out by an ion doping method using phosphine 
(PH3). AJso in this step, for the purpose of adding phos- 
phorus through the gate insulating film 306 to the semi- 
conductof layer urxier the film, the acceleration voltage 
was set as high as 80 keV. Then, regions 446. 447. 448. 10 
449 and 450 where phosphorus was added were 
formed. The coricentration of phosphorus in this region 
is high as compared with the step oi adding the first 
irrpurity to give the n type. arxJ it is prelerable that the 
concentration is made i x 10^° to 1 x 10^^ atoms/cm^. 15 
and here, it was made 1 x 10^ atoms/cm^ (Fig. 5A). 
[01 03] Further, the resist masks 436. 437. 438. 439. 
440 and 441 were removed, and resist masks 451 . 452, 
453. 454. 455 and 456 were newly formed. In this step, 
the lengths oi the resist masks 451 , 454 and 455 formed 20 
In the n-channel TFTs in the channel length direction 
were important in determination of the structure of the 
TFTs. The resist masks 451, 454 and 455 were pro- 
vided for the purpose of renwving part of the first con- 
ductive films 442. 443 arkj 444, and by the length of the 25 
resist mask, it was possible to freely determine a region 
where the second impurity region overlapped with the 
gate electrode and a region where the secord impurity 
region did not overlap with the gate electrode. 
[0104] Then, as shown in Fig. 5C, first layers 457. 30 
458. 459 arxJ 460 of the gate electrode were formed. 
Here, the lertgth of the first layer 457 of the gate elec- 
trode in the channel length direction was nnade 6 ^m. 
and the length of the first layers 458 and 459 of the gate 
electrode was nrtade 4 ^im. 35 
[0105] Besides, an electrode 460 of a holding 
capacitance portion was formed in the pixel portion. 
[0106] After the steps up to Fig. 5C were com- 
pleted, a step of forming a silicon nitride film 461 and a 
first inter layer insulatir>g film 462 was carried out. First, 40 
the silicon nitride film 461 was formed to a thickness of 
50 nm The silicon nitride film 461 was formed by a 
plasma CVD method under the condition that Si H^ of 5 
SCCM, NH3 of 40 SCCM, and of 100 SCCM were 
introduced, the pressure was made 0.7 Torr. and a high 45 
frequercy electric power of 300 W was applied. Subse- 
quently, as the first intertayer insulating film 462. a sili- 
con oxide film havir>g a thickness of 950 nm was formed 
under the condition that TEOS of 500 SCCM and O2 of 
50 SCCM were introduced, the pressure was made 1 so 
Ton. and a high frequency electric power of 200 W was 
applied. 

[0107] Then, a step of heat treatment was carried 
out It was necessary to carry out the step of heat treat- 
ment to activate the impurity ©lerr>ent added at each ss 
concentration to give the n type or p type. This step may 
be carried out by a thermal annealing method using an 
electric heating furnace, the foregoing laser annealirtg 
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method using an examer laser, or a rapid thermal 
annealing method (RTA method) using a halogen lamp. 
Here, the step of adh/ation was earned out by the ther- 
mal annealing method. The heat treatment was carried 
out in a nitrogen atmosphere at 300 to 700"G, preferably 
350 to 550*C. here. 450''C for 2 hours. 
[0108] Then, the first irrterlayer insulating film 462 
and the silicon nitride film 461 were patterned so that 
contact holes reaching a source region and a drain 
region of each TFT were formed. Then, source elec- 
trodes 463, 464 and 465 and drain electrodes 467 arxd 
468 were formed. Although r>ot shown, in this embodi- 
ment, the respective electrodes were formed as a three- 
layer electrode in which a T» film having a thickness of 
100 nm, an Al film containing Tl and having a thickness 
of 300 nm. and a Tr film having a thickness of 150 nm 
were continuously formed by a sputtering method. 
[0109] Then, a passivation film 469 was formed to 
cover the source electrodes 463. 464 arxl 465. the drain 
electrodes 467 and 468. and the first irrterlayer insulat- 
ing film 462. The passivation film 469 was formed of a 
silicon nitride film with a thickness of 50 nm. Further, a 
second irrterlayer insulabng film 470 made of an organic 
resin was formed to a thickness of about 1000 nm. As 
the organic resin, potyimide. acryl. potyimidoamide. etc. 
may be used. As advantages obtained by using the 
organic resin film, it is possible to erxjmerate such 
points that a film fc>rmation method is simple, parasitic 
capacitance can be reduced since Its relative dielectric 
constant is k)w. and flatness is superior. An organic 
resin film other than the above may be used. Here, poly- 
imide of such a type that thermal polymerization was 
made after application to the substrate was used, and 
was fired at 300*C to form the film. 
[01 1 0] Through the foregoing steps, a channel for- 
mation region 471, first impurity regions 474 and 475. 
and second inpurity regions 472 and 473 were formed 
in the n-channel TFT of the CMOS circuit. Here, in the 
second Impurity regions, regiorts (GOLD regions) 472a 
and 473a overlapping with a gate electrode were 
formed to a thickness of 1.5 ^im, arxl regioris (LDD 
regions) 472b and 473b not overlapping with the gate 
electrode were formed to a thickness of 1 .5 nm, respec- 
tively. The first impurity region 474 became a source 
region and the first impurity region 475 became a drain 
region. 

[0111] In the p-channel TFT, the gate electrode of a 
dad structure was similarly fomned, and a ctwinel lor- 
nr>ation region 476, and third impurity regions 477 and 
478 were forrr>ed. The third impurity region 477 became 
a source region and the third impurity region 478 
became a drain region. 

[0112J Then-channel TFT of the pixel portion has a 
multi gate structure, arxl channe* forn-»ation regions 479 
and 484. first impurity regions 482, 483 and 487. and 
second impurity regions 480, 481. 485 and 486 were 
formed. Here, in frie second impurity regions, regions 
4B0a. 481a. 485a and 486a overlapping with the gate 
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electrode, and regions 480b. 481b. 485t) and 486b not 
overlapping with the gate electrode were formed. 
[01131 way. as shown in Fig. 6. an actrve 

matrix substrate in which the CMOS circuit arxl the pixel 
portion were formed on the substrate 401 was fabri- s 
cated. At the same i\rr\e, the holding capacitance por- 
tion was formed at the drain side of the n-channel TFT 
of the pixel pxxtion 

Emb odim ents 'o 

[0114] In this embodiment, with reference to Figs. 
7A and 7B. a description w»ll be made on an example in 
which after the state shown in Fig. 5A is obtained 
through the same steps as the embodiment l . a part of »5 
a first layer of a gate electrode is removed by another 
method. 

[011 5J First, part of first gate corxlLJCtive films 442, 
443 and 444 were reriKved as shown in Fig. 7A by etch- 
ing while resist masks 436. 437, 438. 439, 440 and 441 20 
formed in Fig. 5A were used as they were. 
[0116] In the case where the first layer of the gate 
electrode was a silicon film, it was possible to carry out 
the step of etching here by a dry etching method under 
the condition that SFg of 40 SCCM and O2 of 1 0 SCCM 25 
were introduced, the pressure was made 100 mTorr, 
and a high frequency electric power of 200 W was 
applied. 

[0117] tJnder the corxiition of the dry etching, a 
selecting rato to the gate insulating film as an under film 3C 
was high, so that the gate insulating film 406 was hardly 
etched. 

[0118] Here, the resist mask 436 was formed to a 
length of 9 \im in the channel length direction of the TFT. 
and the resist masks 439 arxi 440 were formed to a 35 
length c* 7 ^m. Here, the first conductive film was 
etched by every 1 .5 ^.m through the dry etching, so that 
first layers 457. 458, 459 and 460 were tormed. 
[0119] Subsequent steps may comply with the 
embodiment 1 , arxJ as shown in Fig. 6, a silicon nitride 40 
film 461. a first intertayer insulating film 462. source 
electrodes 463, 464 and 465. drain electrodes 467 and 
468, a passivation fim 469, and a second interlayer 
insulating film 470 were formed, so that an active matrix 
substrate shown in Rg. 6 was fcxmed. 4S 

Embodiment 3 

[0120] In this embodiment with reference to Figs. 
8A arxJ 8B. a description will be made on an example in so 
which after the state shown In Fig. 5A is obtained 
through the same steps as the embodiment 1 , a part of 
a first layer of a gate electrode is renwed by another 
nr>ethod. 

[0121] Rrst, resist masks 436. 437, 438. 439, 440 55 
and 441 formed in Fig. 5A were completety removed, a 
photoresist mask was again tormed. and a step of jpaX- 
terning by exposure from a rear surface was carried out 
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At this tme. as shown in Fig. 8A. gate electrodes 
became masks, so that resist masks 801. 802. 803. 
804, 805 and 806 were tormed in a self-aligning man- 
ner. The exposure from the rear surface is carried out 
using direct light and scattered light, and by adjusting 
exposure conditions such as light intensity or exposure 
time, as shown in Fig 8A. it was possible to form the 
resist masks inside and on the gate electrodes. 
[01223 ft is to be noted thiat the resist masks 802 
and 803 are used to protect the gate electrode 410 and 
the wirir>g 41 1 and are not always necessary. A person 
who carries out the invention may provide the resist 
masks 802 and 803 on his or her own judgment. 
[0123] Then, regions of first layers of the gate elec- 
trodes which were not masked were removed by a dry 
etching mettxxJ. The condition of the dry etching was 
the same as the errbodiment 1. After the etching was 
ended, the resist masks 801. 802. 803. 804 and 805 
were removed. 

[0124] Subsequent steps may comply with the 
embodiment 1, and as shown in Fg. 6, a silicon nitride 
tim 461, a first interlayer insulating film 462, source 
electrodes 463, 464 and 465. drain electrodes 467 and 
468, a passivation film 469. and a second interlayer 
insulating film 470 were formed, so that an active matrix 
substrate shown in Fig. 6 was formed. 

Emt y xfim enl 4 

[0125] In this embodiment a description will be 
made on an exannple in which a crystalline semiconduc- 
tor film used as a semiconductor layer in the embodi- 
ment 1 is formed by a thermal crystallizing metfxxl 
using a catalytic element. In the case where the cata- 
lytic element is used, it is desirable to use a technique 
disclosed in Japanese Patent Application Laid-open No. 
Hei. 7-130652 or No. Hei. 8-78329. 
[0126] Here, an exanple of a case where the tech- 
nique disclosed in Japanese Patent Application Laid- 
open No. Hei. 7-130652 is applied to the present inven- 
tion will be described with reference to Figs. 1 2A and 
12B. First, a silicon oxide film 1202 was formed on a 
substrate 1201 and an amorphous silicon film 1203 was 
tormed thereon. Further, a nickel acetate salt solution 
containing nickel of 10 ppm in terms of weight was 
applied to form a nickel containing layer 1204 (Fig. 
12A). 

[01 27] Next after a dehydrogenating step at SOO'C 
tor 1 hour was carried out a heat treatment at 500 to 
650»C for 4 to 12 hours, tor example, at 550»C for 8 
hours was carried out. so that a crystalline silicon film 
1205 was formed. The crystallina silicon film 1205 
obtained in this way had extremely superior crystallinity 
(Fig. 12B). 

[0128] The technique disclosed in Japanese Patent 
Application Laid-open No. Hei. 8-78329 is such that 
selective crystallization of an amorphous semiconduc- 
tor film is made possible by selectively adding a catalytic 
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element. A case where the technique is applied to the 
preeent invention will be described with relerence to 
Figs. 13A and 13B. 

[01 29] First, a silicon oxide film 1 302 was formed on 
a glass substrate 1301, arxl an amorphous silicon film 
1303 and a silicon oxide film 1304 were continuously 
formed thereon. At this tinr>e. the thickness of the silicon 
oxide film 1304 was made 150 nm 
[0130] Next, the silicon oxide film 1304 was pat- 
terned to selectively form opening portions 1305 
Thereafter, a nickel acetate salt solution corrtaining 
nickel of 10 ppm in terms of weight was applied. By this, 
a nickel containing layer 1306 was formed, and the 
nickel oontainir>g layer 1306 was txought into contact 
with the amorphous silicon film 1302 at only the bottoms 
of the openir>g portions 1305 (Fig. 13A). 
[01 31 ] Next, a heat treatment at 500 to 650*C tor 4 
to 24 hours, for example, at 570°C for 14 hours was car- 
ried out, so that a crystalline silicon film 1307 was 
f0fnr>ed. In this crystallizing process, a portion with 
which nickel ts in contact is first crystallized, and crystal 
growth progresses in the lateral direction therefrom The 
thus formed crystalline silicon film 1307 is made of a 
collective of rod-like or needle-like crystals, and each 
crystal macroscopically grows with certain directionality 
Thus, there is an advantage that crystallinity is uniform 
(Fig. 138). 

[0132] As a catalytic element usable in the forego- 
ing two techniques, in addition to nickel (Ni), an element 
such as gernrwiium (Ge), iron (Fe). palladium (Pd). tin 
(Sn). lead (Pb). cobalt (Co), platinum (Pt). copper (Cu) 
or gold (Au) may be used. 

[0133] If a crystalline semicorxluctor film (including 
a crystalline silicon film, a crystalline silicon germanium 
film, etc.) is tornr>ed by usir>g the technique as described 
above and patterning is carried out. a semicorxductor 
layer of a crystalline TFT can be formed. Although supe- 
rior characteristics can t>e obtained in the TFT tatvi- 
cated from the crystalline semiconductor film by using 
the technique of this embodiment, high reliability has 
been required because o* that. However, when tt>e TFT 
slructure ot the present Invention is adopted, it becomes 
possitjie to fabricate the TFT which utilizes the tech- 
nique of this embodimerrt to the utmost. 

Embodiment 5 

[0134] In this embodiment, a description will be 
made on an example in which as a nr>ethod of forming a 
semicofxiuctor layer used in tiie embodiment 1 . after a 
crystalline semiconductor f8m is formed using an arrxjr- 
phous semiconductor film as an initial film and using a 
catalytic element, a step of removing the catalytic ele- 
ment from the crystalline semicorxJuctor film is carried 
out As a method thereof, this embodinr>ent uses a tech- 
nique disclosed in Japanese Patent Application Laid- 
open No Hei. 10-247735. No Hei 10-135468 or No 
Hei. 10-135469. 
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[0135] The technique disclosed m the publications 
is such that a catalytic element used for crystallization of 
an amorphous semiconductor film is removed after 
crystallization by using a gettering function of phospho- 
5 rus. By using the technique, it is p>ossit>te to reduce the 
concentiation of a catalytic element in a crystalline sem- 
iconductor film to 1 X 10^^ atoms/cm^ or less, preferably 
1x10^^ atiTis/cm^. 

[0136] The structure of this embodiment will be 

10 described with refererkce to Figs. 14Aand 14B. Here, an 
alkali-free glass substrate typified by a substiate of 
1737 glass nr«de by Coming Inc. was used. Fig. 14A 
shows a state in which an under film 1402 and a crystal- 
line silicon flm 1403 were formed by using the tech- 

T5 nique disclosed in the embodiment 4. Then, a silicon 
oxide film 1404 for masking was formed to a thickness 
of 150 nm on the surface of the crystalline silicon film 
1403, and opening portions were provided by pattern- 
ing, so that regions wtiere the crystalline silicon film was 

20 exposed were provided. Ttien. a step of adding phos- 
phorus was carried out so that regions 1 405 added with 
phosphorus in the crystalline silicon film were provided. 
[01 37] In this state, when a heat treatment at 550 to 
800*C for 5 to 24 hours, for example, at 600°C for 12 

25 hours was carried out in a nitrogen atmosphere, the 
regions 1405 where phosphorus was added in the crys- 
talline silicon film functfoned as gettering sites, so that it 
was possible to segregate the catalytic element remain- 
ing in the crystalline silicon film 1403 into the regions 

30 1405 added with pfx^sphorus. 

[01 38] Then, t>y carrying out etching to remove the 
silicon oxide film 1 404 for masking and the regions 1 405 
added with phosphorus, it was possible to obtain a crys- 
talline silicon film in which the concentratfon of the cata- 

35 lytic element used in the step of crystallization was 
reduced to 1 x lO^'' atoms/cm^ or less. It was possible 
to use this crystalline silicon film without any change as 
the semiconductor layer of the TFT of the present inven- 
tion described in the embodiment 1 , 

40 

Embodinr>ent 6 

[0139] In this embodiment, a description will be 
made on another example in which a semicorxluctor 
45 layer and a gate insulating film are formed in the steps 
of fabricating a TFT of the present invention described 
in the embodiment 1 . The structure of this embocSment 
wilt bedescrbed with reference to Figs. ISA and 158. 
[0140] Here, a substrate having heat resistance of 
50 at least about 700 to IIOO^C vras necessary and a 
quartz substrate 1501 was used The technique dis- 
closed in the embodiment 4 and the embodiment 5 was 
used to form a crystalline semiconductor. For the pur- 
pose of making this a semiconductor layer c4 a TFT. this 
55 was patterned into island-like regions so that sennicon- 
ductor layers 1502 and 1503 were formed. A gate insu- 
lating film 1204 covering the semicorxiuctor layers 1502 
and 1503 was tonr>ed of a film containing silicon oxide 



EP 1 006 589 A2 



50 



15 



' 006 589 



Page 1 6 of 66 



29 

as rts main ingredient. In this embodiment, a silicon 
nitride oxide film having a thickness of 70 nm was 
formed by a plasma CVD metfxxl (Fig. 15A). 
[0141] Then, a heat treatment was carried out in an 
atmosphere containing a halogen (typically, chlorine) s 
and oxygen. In this embodiment, the heat treatment 
was carried out at 950*C for 30 minutes. Irtciderrtally, it 
was appropriate that the processing temperature was 
selected within the range of 700 to 1100*C and the 
treatment time was sdected wrthin the range of 10 min- 
utes to 8 hours (Fig. 15B). 

[0142] As a resuft, under the condition of this 
embodiment, thermal oxidation films were tormed 
between the EtBrniconctJctor layers 1502 arxi 1503, and 
the gate insulating film 1504. so that gate insulating is 
films 1 507 were formed. Moreover, in the process of oxi- 
dation in the halogen atrrtosphere. an innpurrty con- 
tained in the gate insulating film 1504 artd the 
semicorxJuctor layers 1502 arxJ 1503. especially a 
metal impurity element was combined with the halogen 20 
to form a compound, so thai it was possibfe to remove 
the irtpurity element irrto the vapor phase. 
[0143] The gate insulating films 1507 fabricated 
through the above steps had a high withstand voftage. 
ar>d the interfaces between the semicorKJuctor layers ^ 
1505, 1506 and the gate insulating films 1507 were very 
excellent. In order to obtain the structure of the TFT of 
tiTO present invention, it was sufficient if the subsequent 
steps were carried out in accordance with the embodi- 
ment 1. 30 

Embodiment 7 

[0144] In this embodiment, a descrption will be 
made on an example in which in a method of fabricating 35 
an active matrix substrate through steps described in 
the embodiment 1 after forming a crystalline semicon- 
ductor film by a method described in the errbodimerrt 4, 
a catalytic element used in a step of crystallization is 
removed by gettering. First, in the embodiment 1. the 4q 
semiconductor layers 403, 404 and 405 shown in Rg. 
4A were crystalline silicon films fabricated by using a 
catalytic element. At this time, since the catalytic ele- 
ment used in the step of crystallization remained in the 
semicorxfuctor layers, it was desirable to carry out a *5 
step of gettering. 

[0145] Here, the process up to the step shown in 
Fig. 4C was carried out as it was. Then, the resist 
masks 429. 430 and 431 were renxjved. 
[0146] As shown in Fig. 16A, new resist masks so 
1601. 1602, 1603. 1604, 1605 and 1606 were formed. 
Then, a step of adding a secorKi impurity to give the n 
type was carried out. Regions 1611. 1612. 1613, 1614. 
1615. 1616 and 1617 added with phosphorus in the 
semicorxluctor layer were formed. 55 
10147] Although boron of an impurity element to 
give the p type was already added into the regions 1613 
arxJ 1614 where phosphorus was added, since the con- 
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centration of phosphorus was i x lO'^" to l x 10^^ 
atoms/cm-^ and phosphorus was added at a concentra- 
tion of about one half of the concentration of boron, it dtd 
not have any influence on characteristics of the p-chan- 
neJ TFT 

[0148] In this state, a heat treatment at 400 to 
aOO^C for 1 to 24 hours, tor example, at 600'C for 12 
hours was carried out in a nitrogen atmosphere. By this 
step, it was possible to activate the added irrpurity ele- 
ments to give the n typ>e and p type. Further, the regions 
added with phosphorus became gettering sites, so that 
it was possible to segregate the catalytic element 
remaining after the crystallizing step. As a result, it was 
poGsible to renxive the catalytic element from channel 
formation regions (Fig. 16B). 

[0149] After the step of Fig. 1 SB was ended, by car- 
rying out subsequent steps in accordance with the 
steps of the embodinnent 1 to torm the state of Fig. 6, it 
was po&siWe to fabricate an active matrix substrate. 

Emb oc fiment 8 

[0150] In this embodiment, a description w\\\ be 
made on steps of fabricating an active matrix type liquid 
aystal display device from an active matrix substrate 
fabricated in the embodiment 1 . 

[0151] A light-shiekJirig film 1101 and a third inter- 
layer insulating film 1102 as shown in Fig. 11A were 
formed to an active matrix substrate in the state of Fig. 
6. 11 is appropriate that the light-sNekJing film 1101 is 
made o< an organic resin fim containing pigment or a 
metal film of Ti, Cr or the like. The third inter layer insu- 
fating film 1102 was formed of an organic resin film of 
pdyimide or the like. A contact hole reaching a drain 
electrode 468 was formed in the third intertayer insulat- 
ing film 1102, a second intertayer insulating film 440, 
and a passivation fim 469. and a pixel electrode 1103 
was formed. As the pixel electrode 1 103, it is appropri- 
ate that a transparent conductive film is used in the case 
where a transmissk>n type liquid crystal display device 
is formed, and a metal film is used in the case where a 
reflection type liquid crystal display device is formed. 
Here, for the purpose of nnaking the transmission typ>e 
liquid crystal display device, an indium-tin oxide (ITO) 
fim having a thickness of 100 nm was formed by a sput- 
terir^ method, so that the pixel electrode 1103 was 
formed. 

[0152] An etching treatment of a material of the 
transparent conductive film is carried out by a hydro- 
chloric ackj based solulion. ISowever, since etching of 
ITO is apt to produce a residual, an indium oxide-zinc 
oxide alloy (In203-Zn0) may be used to improve etching 
workability. The indium oxide-zirx: oxide alloy has fea- 
tures that surface flatness is superior and is also supe- 
rior in thermal stability as compared with ITO. Similarly, 
zinc oxide (ZnO) is also a suitable material, and further, 
zinc oxide (ZnO; Ga) added v^rith gallium (Ga) to 
irKrease transmissivity of visible light and conductivity 
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can be used 

[0153] Next, as shown m Fig 11B, an onentaled 
film 1104 was fornned on the third irrterlayer insulating 
film 1 102 and the pixel electrode 1103. In general, poly- 
imide resin is otten used tor an oriented film of a liquid 
crystal display device. A transparent electrode 1 106 and 
an oriented film 1107 were formed on an opposite side 
substrate 1105. The oriented film was subjected to a 
rubbing process after kxmation so that liquid crystal 
nndecules were made to be Of iented in parallel arxJ with 
a certain constant pr etift angle, 

[0154] After the foregoing steps, the active matrix 
substrate on which the pixel portion and the CMOS ar- 
curt were tormed arxJ the opposite substrate were 
bonded to each other by a well-known cell assembliryg 
step through a sealirtg materiat. a spacer (both are not 
shown), and the like. Thereatter. a liquid crystal material 
1108 was injected between both the substrates, and 
complete sealing was made by a seatirig agent (rtot 
shown). Thus, the active matrix type liquid crystal dis- 
play device shown in Fig. 1 1 B was corrpJeted. 
[0155] Next, a structure of an active matrix type liq- 
uid crystal dsplay device of this embocSment will be 
described with reference to Figs. 9. 10A arxl 10B. Fig. 9 
is a perspective view of an active matrix substrate of this 
embodiment. The active matrix substrate is constructed 
by a pxel portion 901. a scanning (gate) line driver ctr- 
curt 902 arxi a signal (source) line driver circuit 903 
formed on a glass substrate 401 . A pixel TFT 900 of the 
pixel portion is an n-channel TFT, and the driver circuits 
provided at the periphery are constituted by a CMOS 
circuit as a base. The scanning (gate) line driver circuit 
902 and the signal (source) line driver circuit 903 are 
connected to the pixel portion 901 through a gate wiring 
line 1002 and a source wiring line 1003. respectively. 
[0156] Rg. 10A is a top view of the pixel portion 901 
and is a top view of about one pixel. An n-channel TFT 
is provided in the pixel portion. A gate electrode 1 020 
formed to be connected with the gate wiring line 1002 
intersects through a not-shown gate insulating film with 
a semiconductor layer 1001 under the film. Although not 
shown, a source region, a drain region, and a first innpu- 
rity region are formed in the semicorxJuctor layer. At a 
drain side of the pixel TFT, a holding capacitance 1007 
is formed of the semiconductor layer, the gate insulating 
film, and an electrode made of the same material as the 
second layer of the gate electrode. A capacitance wiring 
line 1021 connected to the holding capacitance 1007 is 
provided in parallel to the gate wiring line 1002. A sec- 
tional structure along line A-A* shown in Fig. 10A corre- 
sponds to the sectional view of the pixel portion shown 
in Rg. 6. 

[0157] On the other hand, in the CMOS circuit 
shown in Rg. 10B. the gate electrodes 409 and 410 
extending from the gale wiring line 1010 intersect 
through a not-shown gate insulating film with the semi- 
conductor layers 403 and 404 urxJer the film. Although 
not shown, similarly, a source region, a drain region. 
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arxl a first impurity region are formed in the semicon- 
ductor layer of the n-channel TFT. A source region and 
a drain region are formed in the semiconductor layer of 
the p-channel TFT. Concerning the positional relation. 

5 the sectional structure along line B-B' corresportds to 
the sectional view of the pixel portion shown in Fig. 6 
[0158] In this embodiment, although the pixel TFT 
900 has a double gate structure, a single gate structure 
may be adopted, or a mutti gate structure of a triple gate 

10 may be adopted. The structure of the active matrix sub- 
strate of the invention is not limited to the structure of 
this embodiment. Since the structure of the present 
invention is characterized in the structure of a gate elec- 
trode and the structure of a source region, a drain 

15 region arxl other impurity regions of a semiconductor 
layer provided through a gate insulating film, other 
structures may be suitably determined by an operator. 

Embodiment 9 

PO 

[0159] Fig. 17 shows an example of a circuit struc- 
ture of an active matrix type liquid crystal dsplay device 
shown in the embodiment 8. The active matrix type liq- 
uid crystal display device of this entxxJiment includes a 
PS source signal line side driver circuit 1701, a gate signal 
tine side driver circuit (A) 1707, a gate signal line side 
driver circuit (B) 1711. a precharge circuit 1712 and a 
pixel portion 1 706. 

[0160] The source signal line side driver circuit 
30 1701 includes a shift register circuit 1702, a level shifter 
circuit 1703, a buffer circuit 1704, and a sampling circuit 
1705. 

[0161] The gate sigr^ line side driver circuit (A) 
1 707 includes a shift register circuit 1 708. a level shifter 
35 circuit 1709 and a buffer circuit 1710. The gate signal 
line side driver circuit (B) 1711 has also the same struc- 
ture. 

[0162] Here, an example of driving voltage of each 
circuit will be shown. The shift register circuit 1 702 and 

40 1 708 had 10 to 16 V. and the level shifter drcuits 1703 
and 1709, the buffer circuits 1704 and 1710. the sanv 
pling circuit 1705. and the pixel portion 1706 had 14 to 
16 V. With respect to the sampling arcurt 1705 and the 
pixel portion 1706. the value was the amplftude of an 

45 applied voKage, and generally, voltages with reversed 
polarities were alternatety apptied. 
[01 63] In the present invention, it is easy to make 
the lengths of second impurity regions, which become 
LDD regions, different from each other on the same 

50 substrate in view of driving voltages of n-channel TFTs. 
and it was possible to form the optimum shapes for 
TFTs constituting the respective circuits through the 
same step. 

10164) Fig. 18A shows a structural example of a 
55 TFT of a shift register circuit An n-channel TFT of the 
shift register circuit has a single gate, and a second 
impurity region which becomes an LDD region is pro- 
vided at only a drain side. Here, the lengths of an LDD 
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region (GOLD region) 1803a overlappng with a gate 
electrode and an LDD region 1803b not overlapping 
with the gate electrode may be determined in accord- 
ance with, fof example. Fig. 3C. and the regions can be 
formed such that the region 1603a has a length of 2.0 
HJTi arxJ the region 1803b has a length of 1.0 
[0165] Fig. IBB bHows a slructural example of a 
TFT of a level shrfter circuit or a buffer circuit An n- 
channel TFT of these circuits is mad© to have a double 
gate, and a second irrpurity region which becomes an 
LDD region is prcvided at a drain side. For example, the 
length of each of LDD regions (GOLD regions) 1812a 
and 1813a overlapping with gate electrodes can be 
made 2.5 \im. and the length of each of LDD regions 
1812b arxl 1813b not overlapping with the gate elec- 
trodes can be made 2.5 ^im. 

[0166] Rg. 18C shows a structural exarrple of a 
TFT of a sampling circuit. AHhough an n-channel TFT ot 
this circuit has a single gate, since the polarity is 
re/ersed, a second irrpurity region which t>ecorr>es an 
LDD region is provided at both sides of a source side 
arxJ a drain side, tt is preferable that the lengths of LDD 
regions (GOLD regions) 1814a and 1815a overlapping 
with a gate electrode and the lengths of LDD regk>r>s 
1814b and 1815b not overlapping with the gate elec- 
trode are respectively made equal to each other. For 
example, the lengths of the LDD regions (GOLD 
regions) 1814a and 1815a overlapping with the gate 
electrode can be made 1 .5 \im. and the lengths of the 
LDD regions 1814b arxj 1815b rxX overlapptr>g with the 
gate electrode can be made l.O ^m. 
[0167] Rg. 18D shows a structural exariiple of a 
pixel portion. Although an rvchannel TFT of this circuit 
has a nxirti gate structure, since the polarity is reversed, 
a second impurity region which becomes an LDD region 
is provided at both sides of a source side and a drain 
side. For example, the tertgths of LDD regions (GOLD 
regiorTs) 1 81 6a and 1 81 7a overlapping with a gate elec- 
trode can be made 1.5 \im, and the lengths of LDD 
regions 1 81 6b and 1 81 7b not overlapping with the gate 
electrode can be made 1 .5 |im. 

Embodiment 10 

[0168] This embodiment demonstrates a process 
for producing an EL (electroluminescertce) display 
device according to the invention of the present applica- 
tion. 

(01 69] Rg. 32A is a top view showing an EL display 
device, which was produced according to the invention 
of the present application. In Fig. 32A, there are shown 
a substrate 401 0, a pixel part 401 1 , a driving circuit from 
the source 4012, and a driving circuit from the gate 
4013. each driving circuit connecting to wirings 4014. 
4015 and 4016 which reach FPC 4017 leading to exter- 
nai equipment. 

[0170] Rg. 32B is a sectional view showing the 
structure of the EL display device in this embodiment 



The pixel part, preferably together wath the drivirtg cir- 
cuit, is enclosed by a covering material 6000, a sealing 
material (or bousing material) 7000, arxJ an end-sealing 
material (or secorxJ sealing rriaterial) 7001 . 

5 [0171] Furthermore, there is shown a substrate 
4010, an underlyirTg coating 4021. a TFT 4022 for the 
driving circuit. arxJ a TFT 4023 for the pixel unit (The 
TFT 4022 shown is a CMOS circuit consisting of an n- 
channel type TFT ard a p-channel type TFT. The TFT 

10 4023 shown is the one. which controls current to the EL 
element.) These TFTs nnay be of any known structure 
(top gate structure or bottom gate structure). 
[0172] Incidentally, the present invention is used in 
the TFT 4022 tor the driving circuit and the TFT 4023 for 

15 the pixel unit. 

[01 73] Upon corrpletion of TFT 4022 (for the driving 
drcuft) and TFT 4023 (for the pixel unit), with their active 
layer being the semiconductor layer formed according to 
the invention of the present application, a pixel elec- 
trode 4027 is formed on the interlayer insulating film 
(planarizing film) 4026 made of a resin. This pixel elec- 
trode is a transparent conductive film, which is electri- 
cally connected to the drain of TFT 4023 for the pixel 
unit It is preferable that the TFT for the pixel portion is a 

25 p-channel type TFT in the case that the transparent 
conductive f Im is used for the pixel electrode 4027. The 
transparent conductive film may be formed from a com- 
pourxJ (called ITO) of indium oxide and tin oxide or a 
compound of indium oxide arxJ zinc oxkJe. On the pixel 

30 electrode 4027 is forrrted an insulating film 4028, in 
which is formed an opening above the pixel electrode 
4027. 

[0174] Subsequently, the EL layer 4029 is formed. It 
rr»ay be of single-layer structure or multi-layer structure 

35 by freely combining known EL materials such as injec- 
tion layer, hole transport layer, light emitting layer, elec- 
tron transport layer, and electron injection layer. Any 
known technology may be available tor such structure. 
The EL material is eithor a low-mot ecuiar material or a 

4C high -nx)l ecu lar material (polymer). The former may be 
applied by vapor deposition, and the latter may be 
applied by a simple method such as spin coating, print- 
ing, Of ink-jet metfxxd. 

[0175] In this exarrple. the EL layer is formed by 
45 vapor deposition through a shadow n^sk. The resulting 
EL layer permits each pixel to emit light differing in 
wavelength {red, green, and blue). This realizes the 
color display. Alternative systems available include the 
combination of color conversion layer (CCM) and color 
50 fSter and the combination of white light emitbr^ layer 
and color filter. NeecJess to say. the EL display device 
rray be nrxxiochromatic. 

[01 76) On the EL layer is tornrked a cathode 4030. 
Prior to this step, it is desirable to dear nxjisture and 
55 oxygen as much as possible from the interface between 
the EL layer 4029 and the cathode 4030. This object 
may be achieved by forming the EL layer 4029 and the 
cathode 4030 consecutively in a vacuum, or by forming 
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the EL layer 4029 in an inert atmosphere artd then tornv 
ing ttie cathode 4030 in the same atmoBphefe without 
admitting air rnto rt. in thrs Example, the des»red film was 
formed by using a film-forming apparatus of rrxjlti-cham- 
bef system (cfusler tool system) 5 
(0177] The multi-layer structure composed of lith- 
ium f luof ide film arxJ aluminum film is used in this Exam- 
ple as the cathode 4030. To be concrete, the EL layer 
4029 is coated by vapor deposition with a lithium fluo- 
ride film (1 nm thick) and an aluminum flm (300 nm w 
thick) sequentially. Needless to say, the cathode 4030 
may be formed from MgAg dectrode which is a known 
cathode material. Subsequently, the cathode 4030 is 
connected to a wiring 4016 in the region indicated by 
4031 . The wiring 401 6 to supply a prescri>ed voltage to is 
the cathode 4030 is connected to the FPC 401 7 through 
an electrically corxtuctive paste niateriat 4032. 
[0178] The electrical connection between the cath- 
ode 4030 and the wiring 4016 in the region 4031 needs 
contact holes in the interlayer insulattr>g film 4026 and 20 
the insulating film 4028. These contact holes may be 
tornrted when the intertayer insulating film 4026 under- 
goes etching to form the contact hole for the pixel elec- 
trode or when the insulating film 4028 undergoes 
etching to form the opening before the EL layer is ?5 
fornrwd. When the insulating film 4028 undergoes etch- 
ing, the irrterlayer insulating film 4026 may be etched 
simultaneously. Contact holes of good shape may be 
fornr>ed rf the interlayer irtsulating film 4026 and the insu- 
lating film 4028 are made of the same material. 30 
[0179] TTien. a passivation film 6003, a fitting mate- 
rial 6004 arxf a covering material 6000 are formed so 
that these layers cover the EL element. 
[0180] Furthermore, the seating material 7000 is 
formed inside of the covering material 6000 and the 35 
substrate 4010 such as surrounding the EL element 
and the end -sealing material 7001 is formed outside of 
the sealing materiai 7000. 

[0181] The filling material 6004 is formed to cover 
the EL element and also functions as an adhesive to 40 
adhere to the covering material 6000. As the filling 
material 6004. PVC (polyvinyl chloride), an epoxy resin, 
a silicon resin, PVB (polyvinyl txityrat), or EVA (elhyten- 
vinyl acetate) can be utilized. It is preferable to form a 
desiccarrt in the filling n^terial 6004, since a moisture *5 
absorption can be maintained. 

[0182] Also, spacers can be contained in the filling 
material 6004. It is preferable to use spherical spacers 
comprising barium oxide to maintain the moisture 
at>&orption in the spacers. so 
[0183] In the case of that the spacers are contained 
in the filling material, the passivation film 6003 can 
relieve the pressure of the spacers. Of course, the other 
film different from the passivation film, such as an 
organic resin, can be used for relieving the pressure of ss 
the spacers. 

As the covering material 6000, a glass plate, an alumi- 
num plate, a stainless plate, a FRP ( Fiberglass- Re in- 
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torced Plastics) pfate, a PVF (Polyvinyl Fluoride) film, a 
Mylar film, a polyester film or an acryl film can be used. 
In a case that PVB or EVA ts employed as the tilling 
material 6004. it is preferable to use an aluminum fo*l 
with a thickness of some tens of ^im sandwiched by a 
PVF film or a Mylar film. 

[0184] It is noted that the covering material 6000 
should have a light transparency with accordance to a 
light emitting direction (a light radiation direction) from 
the EL element. 

[0185] The wiring 4016 is electrically connected to 
FPC 401 7 through the gap between the sealing material 
7000 and the end-seating material 7001, and the sub- 
strate 4010. As in the wiring 4016 explained atxjve, 
other wirings 4014 and 4015 are also electrically con- 
nected to FPC 4017 under the sealing Material 4018. 
[0186] An example in which another EL display 
device having a further different structure is manufac- 
tured is explained, with reference to Figs. 33A arxJ 33B. 
The same reference numerals in Figs. 33A and 33B as 
in Rgs. 32 A arxl 328 indicate same constitutive ele- 
ments, so an explanation is omitted. 
[0187] Fig. 33 A shows a top view of the EL nrxxJuIe 
in this embodiment artd Rg. 338 shows a sectional view 
of A-A' of Fig. 33A. 

[0188] In the same way as in Figs 32 A and 32 B, the 
passivation film 6003 is 16rnr>ed to cover a surface of the 
EL element 

[0189] The filling material 6004 is formed to cover 
the EL element and also functions as an adhesive to 
adhere to the covering material 6000. As the filling 
material 6004. PVC (Polyvinyl Chloride), an epoxy 
resin, a silicon resin. PVB (Polyvinyl Butyral). or EVA 
(Ethytenvinyt Acetate) can be utilized. It is prefer^ e to 
form a desiccant in the filling material 6004. since a 
moisture absorption can be nnaintained. 
[0190] Also, spacers can be contained in tiie filling 
material 6004. It is preferable to use spherical spacers 
comprising barium oxide to maintain the moisture 
absorption in the spacers. 

[01 91 ] In the case of that the spaces are contained 
in the filling material, the passivation film 6003 can 
relieve the pressure of the spacers. Of course, the other 
film different from the passivation film, such as an 
organic resin, can be used for relieving the pressure of 
the spacers. 

As the covering material 6000, a glass plate, an alumi- 
num plate, a stainless plate, a FRP (Fiberglass- Rein- 
forced Plastics) plate, a PVF (polyvinyl fluoride) film, a 
Mylar film, a polyester film or an acryl film can be used. 
In a case that PVB or EVA is employed as tine filling 
material 6004, rt is preferable to use an aluminum foil 
with a thickness of some tens of m sarKJwiched by a 
PVF film or a Mylar film. 

[0192] H is noted that the covering material 6000 
should have a light ti-ansparency with accordance to a 
light emitting direction (a light radiation direction) from 
the EL element 
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(0193] Next, the covering material 6000 is adhered 
using the filling material 6004. Then, the flame material 

6001 is attached to cover side portons (exposed faces) 
of the filling material 6004. The flame material 6001 is 
adhered by the sealing material {ads as an adhesive) 
6002. As the sealing material 6002, a light curable resin 
is preferable Also, a thermal curable resin can be 
employed if a heat resistance of the EL layer is admit- 
ted. It is preferable for the sealirtg material 6002 rxX to 
pass nrx^isture arxi oxygen. In addition, rt is possible to 
add a desiccant inside the sealing material 6002. 
[0194] The wiring 4016 is electrically connected to 
FPC 401 7 through the gap between the sealing material 

6002 and the substrate 4010. As in the wiring 4016 
explained above, other wirirtgs 4014 and 4015 are also 
electrically connected to FPC 4017 under the sealing 
material 6002. 

[0195] In this embodiment the cross- sectional 
structure of the pixel region in the EL display device is 
illustrated in rrxire detail in Fig. 34. Fig. 35A shows the 
top view thereof and Fig. 35B shows the circuit diagram 
for the pixel region. In Fig. 34, Rg. 35A and Rg 35B, the 
same reference numerals are referred to for the same 
parts, as t>eing common thereto. 

[01 96] In Fig 34, the switching TFT 3002 formed on 
the substrate 3001 is NTFT of the invention (d. Embod- 
iments 1 to 7). In this Embodiment, it has a dout>le-gate 
structure, Ixrt its structure and fabrication process do 
not so much differ from the structures arxi the fabrica- 
tion processes illustrated hereinabove, and their 
description is omitted herein. However, the dout>le-gate 
structure of the switching TFT 3002 has substantially 
two If- IB as connected in series, and therefore has the 
advantage of reducing the off-current to pass there- 
tfrough. In this EnixxJiment the switch ing TFT 3002 
has such a douWe-gate structure, but is rKJt limitative. It 
may have a single-gate structure or a triple-gate struc- 
ture, or even any other multi-gate siructure having more 
than three gates. As the case may be. the switching TFT 
3002 may be PTFT of the invention 
[01 97] The current-control TFT 3003 is NTFT of the 
invention. The drain wire 3035 in the switching TFT 
3002 is electrically connected with the gate electrode 
3037 in the current-corrtrol TFT, via the wire 3036 there- 
t>etween. The wire indicated by 3038 is a gate wire for 
electrically connecting the gate etectrodes 3039a arxl 
3039b in the switching TFT 3002. 
[0198] It is very important that the current-control 
TFT 3003 has the structure defined in the invention. The 
current-control TFT is a unit for controlling the quantity 
of current that passes through the EL element. There- 
fore, a large quantity of currerrl passes through iL arxJ 
tt>e unit, current-control TFT has a high risk of thernrial 
degradation and degradation with hot carriers. To this 
unit, therefore, the structure of the invention is extremely 
favoraUe. in which an GOLD region (a secorxi impurity 
region) is so constructed that the gate electrode over- 
laps with the drain area in the current-control TFT, via a 



gatennsulating film therebetween. 
[0199] In this embodiment, the current -control TFT 
3003 is illustrated to have a singleijate structure, but it 
may have a mutti-gate structure with plural TFTs con- 

5 nected in series. In addition, plural TFTs may be con- 
nected in parallel so that the ctiannel-forming region is 
substantially divided into plural sections. In the structure 
of that type, heat radiation can be effected etficientiy. 
The structure is advantageous for protecting the device 

w with it from thermal deterioration. 

[0200] As in Fig. 35A, the wire to be the gate elec- 
trode 3037 in the current- control TFT 3003 overlaps 
with the drain wire 3040 therein in the region indicated 
by 3004, via an insulating film therebetween. In this 

15 State, the region indicated by 3004 forms a capacitor. 
The capacitor 3004 functions to retain the voltage 
applied to the gate in the cur rent- control TFT 3003. The 
drain wire 3040 is connected vnth the current supply line 
{power line) 3006. from which a constant voltage is all 

po the time applied to the drain wire 3040. 

[0201] On the switching TFT 3002 and the cunent- 
control TFT 3003, formed is a first passivation film 304 1 . 
On the film 3041 , formed is a planarizing film 3042 of an 
insulating resin. It is extremely important tfiat the differ- 

P5 ence in level of the layered p>arts in TFT is removed 
through planarization with the planarizing flm 3042. 
This is because the EL layer to be formed on the previ- 
ously formed layers in the later step is extremely thin, 
and if there exist a difference in level of the previously 

30 formed layers, tfie EL device will t>e often bTXJt>led by 
light emission failure. Accordingly, rt is desirat>le to pre- 
viously planarize as much as possible the previously 
formed layers before the formation of the pixel electrode 
thereon so that the EL layer could be formed on the 

35 planarized surface. 

[0202] • The reference numeral 3043 indicates a 
pixel electrode (a cathode in the EL device) of an elec- 
trocortductive film with high reflectivity. The pixel elec- 
trode 3043 is electrically connected with the drain in the 

40 current-control TFT 3003. H is preferable to use a n- 
channel type TFT for the current-control TFT in the case 
of the conductive film with high reflectivity is used for the 
pixel electrode 3043. Moreover, it is preferable that the 
pixel electrode 3043 is of a low-resistance electrocon- 

45 ductive film of an aluminum alloy, a copper alloy or a sil- 
ver alloy, or of a laminate of those films. Needl ess-to- 
say, the pixel electrode 3043 may have a laminate struc- 
ture with any other efectrocorxJuctive films. 
[0203] In the recess (this conesporxJs 1o the pixel) 

so formed between the banks 3044a and 3044b of an insu- 
lating fim (preferably of a resin), the light-emitting layer 
3045 is formed. In the illustrated structure, only one 
pixel is shown, but plural light- emitting layers could be 
separately formed in different pixels, corresponding to 

55 different colors of R (red). G (green) and B (t>lue). The 
organic EL material for the light-emitting layer may be 
any n- conjugated polymer material. Typical polymer 
materials usat)le herein include Polyparaphenyfenevi- 
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nylene (PPV) materials. Potyvinylcarbazole (PVK) 
materials. Polylluorene materials, etc. 
10204] Various types of PPV-type organic EL mate- 
rials are known, such as those disclosed in "H. Shenk, 
H. Becker. O. Gelsen, E. Klunge. W. Kreuder. and H. s 
Spreitzer; Polymers tor Light Emitting Diodes, Euro Dis- 
play Proceedings. 1999. pp. 33-37" arxJ in Japanese 
Patent LaidOpen No. 10-92576(1998) Any of such 
kTKDwn materials are usaWe herein. 

[0205] Corcretely. cyanopotypherrytenevinylenes io 
may be used for red-emitting layers; polyphenylenevin- 
ylenes may be for green-emitting layers: and pdyphe- 
nyfenevinylenes or polyalkylphenylenes may be tor 
blue-emrtting layers. The thickness of the film for the 
light- em rtting layers may fall between 30 and 150 rvn i5 
(prefer ab)y between 40 and 100 nm). 
[0206] These compounds mentioned above are 
referred to merely for examples of organic EL materials 
employable herein and are not limitative at all. The light- 
emitting layer may be combined with a charge transpor- 20 
tation layer or a charge injection layer in any desired 
manner to torm the intended EL layer (this is for light 
emission and tor carrier transfer for light emission). 
10207] Specrficatly. this Embodiment is to demon- 
strate the embodiment of using polymer materials to ps 
form light- emitting layers, which, however, is not limita- 
tive. Apart from this, low-nriolecular organic EL materials 
nr>ay also be used for light-emitting layers. For charge 
transportation layers and charge injection layers, further 
ennployable are inorganic materials such as silicon car- 30 
bide. etc. Various organic EL materials and inorganic 
materials tor those layers are known, any of which are 
usable herein. 

[0208] In this Embodiment, a hole injection layer 
3046 of PEDOT (polythlophene) or PAni (polyaniline) is 35 
formed on the light- emitting layer 3045 to give a lami- 
nate structure tor the EL layer. On the hole injection 
layer 3046. formed is an anode 3047 of a transparent 
electroconductive film. In this Emtxxiiment, the light 
having been emitted by the light-emittirtg layer 3045 40 
radiates therefrom in the direction toward the tcp sur- 
face (that is, in the upward direction of TFT). Therefore, 
in this, the anode must transmit light. For the transpar- 
ent electrocorKfuctive film tor the arvxJe. usable are 
compounds of indium oxkJe and tin oxide, and com- 45 
pourxJs of indium oxide arxl zinc oxide. However, sirx;e 
the anode is formed after the light-emitting layer arxJ the 
hole injection layer having poor heat reeistarKe have 
been formed, it is preferable that the transparent elec- 
troconductive f am for the anode is of a materia] capat)le so 
of t>eing formed into a film at as low as possible tennper- 
atures. 

[0209] When the anode 3047 is formed, the EL 
device 3005 is finished. The EL device 3005 thus fabri- 
cated herein indicates a capacitor corrprising the pixel 55 
electrode (cathode) 3043. the light- emitting layer 3045, 
the bole injection layer 3046 arri the anode 3047. As in 
Fig. 35A, the region of the pixel electrode 3043 is nearly 



40 

the same as the area of the pixel Therefore, in this, the 
entire pixel functfons as the EL device Accordingly, the 
light utility efficiency of the EL device fabricated herein 
is high, and the device can display bright images. 
[0210] In this Embodiment, a second passivation 
film 3048 is formed on the anode 3047. For the second 
passivation film 3048. preferatJy used is a silicon nitride 
film or a silicon oxynitride film. The object of the film 
3048 is to insulate the EL dwice from the outward envi- 
ronment The tarn 3048 has the funcbon of preventing 
the organic EL material from being degraded through 
oxidation and has the function of preventing it from 
degassing. With the second passivation film 3046 of 
that type, the reliability of the EL display device is 
improved. 

[0211] As desaibed hereinabove, the EL display 
panel of the invention fabricated in this Embodiment has 
a pixel region for the pixel having the constitution as in 
Fig. 34. and has the switching TFT through which the 
off-current to pass is very small to a satisfactory degree, 
and the current-control TFT resistant to hot carrier injec- 
tion. Accordingly, the EL display panel fabricated herein 
has high reliability and can display good images. 
[0212] The constitution of the embodiment of Rg.34 
can be con*>ined with any constitution of Embodiments 
1 to 7 in any desired manner. Ircorporating the EL dis- 
play device of this Embodiment into the electronic appli- 
ance of Embodiment 1 2 as its display part is 
advantageous. 

[0213] As other structure of the pixel portion, the 
Structure In which the EL device 3005 has a re/ersed 
structure is described below with reference to Rg.36. 
The constitution of the EL display panel of Rg.36 differs 
from that illustrated in Rg. 34 only in the EL device part 
and the current-control TFT part. Theretore. the 
description of the other parts except those different 
parts Is omitted herein. 

(021 4J In Rg. 36, the current-control TFT 3 1 03 may 
be PTFT of the invention. For the process of torming it, 
referred to is that of Embodiment 1 to 7. 
[021 5] In Rg.36. the pixel electrode (anode) 3050 is 
of a transparent electroconductive film. Concretely, 
used is an electroconductive film of a compound of 
irxfium oxide arxJ zinc oxide. Needl ess-to-say. also usa- 
ble is an electrocorxluctive film of a compound of irxiium 
oxide and tin oxide. 

[021 6] After the banks 3051 a and 3051b of an insu- 
lating film have been formed, a tight-emitting layer 3052 
of polyvinylcartjazole is fornried between them in a solu- 
tion coating method. On the light-emitting layer 3052. 
formed are an electron injection layer 3053 of acetytac- 
etonatopotassium (hereinafter acacK). arxi a cathode 
3054 of an aluminum alloy. In this case, the cathode 
3054 serves also as a passivation film. Thus is fabri- 
cated the EL device 3101. 

[0217] In Fig. 36, the light having been emitted by 
the ligfit- emitting layer 3052 radates in the direction 
toward the substrate with TT=T formed thereon, as in the 
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directKjrt of the a/row illustrated. 
[0218] The constrtutfon of Fig 36 can be connbined 
with any constitution of Embodiments 1 to 7 in any 
desired manner. Incorporating the EL display panel of 
this Errtjodiment into the electronic appliance of 
Errtxxjimerrt 12 as its display part is advantageous. 
[0219] Next, a description will be made with refer- 
ence to Figs 21 A to 21C on an example in which an EL 
(electroluminescence) display device has a pixel differ- 
ent from that of the circuit diagram of Rg.35B. 
[0220] 3201 indicates the source wire for the 
switching TFT 3202; 3203 indicates the gate wire tor the 
switching TFT 3202; 3204 indicates a cur rent -control 
TFT; 3205 indicates a capacitor; 3206 arxt 3208 indi- 
cate cun-ent supply lines; and 3207 indicates an EL ele- 
ment. 

[0221] In the embodiment of Rg. 21 A, the current 
supply line 3806 is comnnon to the two pixels. Specifi- 
cally, this embodiment is characterized in that two pixels 
are lineal-symmetricatly formed with the current supply 
line 3206 being the center between them. Since the 
number of current supply lines can be reduced therein, 
this embodiment is advantageous in that the pixel pat- 
tern can be much finer and thinner. 
[0222] In Fig. 21 B, the current supply line 3208 is 
formed in parallel to tf>e gate wire 3203. Specifically, in 
this, the current supply line 3208 is so constructed that 
it does not overlap with the gate wire 3203, but is not 
limrtative. Being different from the illustrated case, the 
two may overlap with each other via an insulating film 
therebetween so far as they are of different layers. 
Sirce the current supply line 3208 and the gate wire 
3203 may enjoy the common exclusive area therein, this 
embodiment is advantageous in that the pixel pattern 
can be nrxjch finer arxJ thinner. 

[0223] The structure of the embodiment of Fig. 2 1 C 
is characterized in thiat the current supply line 3208 is 
formed in parallel to the gate wires 3203a and 3203b. 
like in Fig. 21 B. and that two pixels are lineaJ-symmetri- 
calfy formed with the current supply line 3208 being the 
center between them. In this, it is also effective to pro- 
vide the current supply line 3208 in such a manner that 
it overlaps with any one of the gate wires 3203a and 
3203b. Since the number of current supply lines can be 
reduced therein, this embodiment is advantageous in 
that the pixel pattern can be much finer and thinner. 
[0224] The constitution o* Figs.21 A to 21 C can t>e 
combined wrth any constitution of Ennbodiment 1 to 7 in 
any desired manner. Incorporating the EL display panel 
having the pixel structure of this Ennbodiment into the 
electronic appliance of Embodiment 12 as its display 
part is advantageous. 

Embodimerrt 11 

[0225] For the foregoing liquid crystal display 
device of the present invention, various liquid crystals 
other than a nematic liquid crystal can be used. For 



example, tt is possitJe to use a iKquid crystal disclosed in 
1998. SID. "Characteristics and Driving Scheme o1 Pol- 
ymer-Stabilized Monostable FLCD Exhibiting Fast 
Response Time and High Contrast Ratio with Gray- 

a Scale Capability" by H. Furue et al.; 1997. SiD DIGEST. 
841. 'A Full-Color ThreBhokdless Antiferroelectric LCD 
Exhibiting Wide Viewing Angle with Fast Response 
Tirne" by T Yo&hida et al.; 1996. J. Mater. Chem. 6(4), 
671-673, "Thresholdless antiferroelectridty in liquid 

10 crystals and its application to displays" by S. Inui et al. ; 
or US Patent No. 5594569. 

[0226] Fig. 22 shchvs electro-optical cfiaracteristics 
of single stable ferroelectric liquid crystal (FLC) in which 
the ferroelectric liquid crystal (FLC) exhtMting a transi- 

15 tion series of isometric phase - cholesteric phase - chi- 
ral smectic phase is used, transition of cholesteric 
phase - chiral smectic phase is caused white applying a 
DC voltage, and a cone edge is made to almost coin- 
cide Mth a rubbing direction. A display mode by the fer- 

20 roelectric liquid crystal as shown in Fig. 22 is called a 
*Hatf - V-shaped switching mode". The vertical axis of 
the graph shown in Fig. 22 indicates transmissivhy (in 
an arbitrary unrt) and the horizontal axis irxiicates 
applied vottage. The details of the "Half - V-shaped 

P5 switching mode" are described in "Half - V-shaped 
switching nnode FLCD" by Terada et al., Cotledion of 
Preliminary Papers for 46th Applied Physics Concerned 
Joint Lecture Meeting, March 1999. p. 1316, and Time- 
division full -color LCD with ferroelectric liquid crystal" by 

3o Yoshihara et al., Liquid Crystal, Vol. 3. No. 3. p. 190. 
[0227] As shown in Fig. 22. rt is understood that 
when such a ferroelectric mixed liquid crystal is used, 
low voltage driving and gradation display becomes pos- 
sible. For the liquid crystal display device of the present 

35 invention, ft is also possble to use the ferroelectric liquid 
crystal exhibiting such electro-optical characteristics. 
[0228] A liquid crystal exhibiting antiferroelectridty 
in some temperature range is called an antiferroelectric 
liquid crystal (AFLC). In mixed liquid crystals induding 

4o the antiferroelectric liquid crystal, there is one called a 
threshold less antiferroelectric mixed liquid crystal exhib- 
iting electro-optical response characteristics In which 
transmtttance is continuously changed with respect to 
an electric field. Some threshoWless antiferroelectric 

46 mixed liquid crystal exhtnts the so-called V-shaped 
electra-optical response characteristics, and a Tiqutd 
crystal in which its driving voltage is atx>ut ±2.5 V (cell 
thickness is about 1 urn to 2 jim) has also been found. 
[0229] In general, the threshokJess antiferroelectric 

50 mixed liquid crystal has large spontaneous polarization, 
arri the dielectric constant df the liquid crystal itself is 
high. Thus, in the case where the thresholdless antifer- 
roelectric mixed liquid crystal is used tor a liquid crystal 
display device, it becomes necessary to provide rela- 

55 tively large holding capadtance for a pixel. Thus, it is 
preferatde to use the threshoWless antiferroelectric 
mixed liquid crystal having small spontaneous polariza- 
tion. 
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[0230] Since k>w voltage driving can be realized by 
ueing such a thresboldless antiferroelectric mixed liquid 
crystal tor the liquid crystal display device ot the present 
invention, low power consumption can be realized. 

Embodiment 12 

(0231] )n this embodtment, a description will be 
given on a semiconductor device incorporating an 
active matrix liquid crystal display device made from a 
TFT circuit of the present irrventkxi, with referertce to 
Figs. 19A to 19E. Figs. 23A to 23D arxJ Figs. 24A to 
24D. 

[0232] As such a semicorxJuctor device, a portable 
information terminal (an electronic book, a mobile corrv 
puter or a cellular phone), a video camera, a stiil-image 
camera, a personal computer. TV etc. may be enumer- 
ated. Exannples of those are shown in Rgs. 19Ato 19E, 
Figs. 23A to 23D and Figs. 24A to 24D. 
[0233] Fig 19A is a cellular phone that is composed 
of a vna'm body 9001, a sourxi output section 9002, a 
sound input section 9003, a display device 9004. opera- 
tion switches 9005, arxi an antenna 9006. The present 
invention can be applied to the sourxi output section 
9002. the sound input section 9003 and the display 
dwice 9004 having an active matrix substrate. 
[0234] Rg. 19B shosArs a video camera that is com- 
prised of a main body 9101, a display device 9102, a 
voice irput unit 9103. operation switches 9104, a bat- 
tery 9105, and an image receiving unit 9106. The 
present invention is applicable to the voice input unit 
9103, the display device 9102 having an active matrix 
substrate and the image receiving unit 9106. 
[0235] Fig. 19C shews a nxsbile computer that is 
comprised of a main body 9201 , a camera unit 9202. an 
in-»age receiving unit 9203, operation switches 9204, 
and a display device 9205. The present invention can be 
applied to the inr^ge receiving unit 9203 and the display 
device 9205 having an active matrix substrate. 
[0236] Rg. 19D shows a head mount display that is 
comprised of a main body 9301, a display device 9302 
arxJ arm portions 9Q03. The present invention can be 
applied to the display device 9302. Further, although not 
shown, the present Invention can also be used for other 
signal control drcurts. 

[0237] Rg. 19E shows a portable electronic book 
that is conrprised of a main body 9501 , display devices 
9502. 9503. a memory medium 9504. an operation 
switch 9505 aixJ an antenna 9506. The book is used to 
display data stored in a mini-disk or a DVD, or a data 
received with the antenna. The display devices 9502, 
9503 are direct-vision type display devices, to which the 
present invention may be applied. 
[0238] Fig. 23 A shows a personal computer corrv 
prisir>g a main body 9401. an in^ge inputting unit 9402. 
a display device 9403 arxJ a key board 9404. 
[0239] Fig. 23 B is an electronic game equipment 
such as a television game or a video game, arxJ is com- 
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posed ct: a mam body 2405 loaded with a recording 
medium 2408 and with electric circuits 2412 containing 
a CPU. etc ; a controller 2409; a display device 2407; 
and a display device 2406 incorfxxated into the main 

5 body 2405. The display device 2407 and the display 
device 2406 irxxxporated into the mam body 2405 may 
both display the same information, or the former may be 
taken as the main display arxJ the latter may be taken as 
the sub display to display information from the reconding 

10 medium 2408, the equip>ment operation status, or touch 
sensors can be added for use as a control panel. Fur- 
ther, in order for the main body 2405, the controller 
2409, and the display de/ice 2407 to communicate with 
each other, hard wired communk^ation may be used, or 

IS sensor sections 2410 arxi 2411 can be provided for 
either wireless commun nation or optical comnnunica- 
tion. The present invention can be used in the manufac- 
ture of the display devices 2406 arxi 2407. In addition, a 
conventional CRT can be used for the display device 

20 2407. The present invention can be effectively applied, 
if the display devk;e 2407 is a 24 to 45 inch liquid crystal 
television. 

[0240] Fig. 23C shows a player that employs a 
recording medium in which programs are recorded 

25 (hereinafter referred to as recording medium), and com- 
prises a main body 2413, a display device 2414. a 
speaker unit 2415, a recording medium 2416. and an 
operation switch 241 7, Incidentally, this player uses as 
the recording medium a DVD (Digital Versatile Disc), 

30 CD and the tike to appreciate music arxJ hlrns, play 
games, and connect to the Internet. 
[0241] Fig. 23 D shows a digital camera comprising 
a main body 2418. a display devce 2419, an eye piece 
section 2420, operation switches 2421, and an image 

35 receiving unit (not shown). The present invention is 
applicable to the display device 2419 and other signal 
control circuits. 

[0242] Fig. 24 A shows a front-type projector com- 
prising a display device 2601 and a screen 2602. The 
40 present invention is applicable to the display device and 
other signal control circuits. 

[0243] Fig. 24 B shows a rear- type projector com- 
prising a main body 2701, a display device 2702, a mir- 
ror 2703. and a screen 2704. The present invention is 
45 applicatsle to the display device (which is especially 
effective if it is a 50 to 100 inch) arxJ other signal control 
circuits. 

[0244] Fig. 24C is a diagram showing an exarrple of 
the structure of the display devices 2601, 2702 in Figs. 

so 24A and 24B. The display dwice 2601 or 2702 com- 
prises a light source optk:al system 2801 . mirrors 2802, 
2805 to 2807. dchroic mirrors 2803 and 2804. optical 
lenses 2808. 2809 and 2811, liquid crystal display 
devices 2810 and a projection optical system 281 2. The 

55 projection optical system 2812 is composed of an opti- 
cal system including a projectksn lens. This errbodimenl 
shows an example of "Three plate type" using three Ik^- 
uid aystal display devices 2810 but not particularly lim- 
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ited thereto For instance, the invention may be applied 
also to a 'Single plate type" optical Gystem. Further, in 
the light path indicated by an arrow in Fig. 24C. an opti- 
cal system such as an optical lens, a film having a polar- 
ization function, a film tor adjusting a phase difference. 
arxJ an IR film may be suitably provided by a person 
who carries out the invention. 

[0245] Fig. 240 is a diagram showing an example of 
the structure of the light source optical syslem 2801 in 
Fig 24C. In this embodiment, the light source optical 
system 2801 comprises a light sources 2813 and 2814. 
a compourxJ prism 2815. collimator lenses 2816 and 
2820. lens arrays 2817 and 2818, a polarization conver- 
sion elemerrt 2819. The light source optical system 
shown in Fig. 24D is uses tow light sources, but three, 
four, or nxKe light sources, may be used. Of course a 
single Itghrt source is acceptable. For exanple, a person 
who carries out the invention is allowed to suitably add 
to the light source optical system an optical lens, a film 
having a pdarizalion furx;tion. a film for adjusting a 
phase difference, and an IR fim. 
[0246] Other than those, though not shown here. 
tt>e fxesent irrventjon may be applied to an image sen- 
sor and an EL display element. The present invention 
thus has so wide application range that it is applicable to 
electronic equipment in any field. The present invention 
has the 16llowir>g effects. 

[0247] By carrying out the present invention, it was 
possible to obtain a crystalline TFT with stable opera- 
tion. As a result, it vras possible to raise reliability of a 
semiconductor device including a CMOS circuit fabri- 
cated with the crystalline TFT, specifically a pixel portion 
of a liquid aystal display device and a driver circuit pro- 
vided at the periphery, so tt^at it was possible to obtain a 
liquid crystal display device capable of withstanding a 
long use. 

[0248] Moreover, according to the present inven- 
tion, in a second impurity region formed between a 
channel formation region of an n-channel TFl and a 
drain region, it is possible to easily control tt>e individual 
ler^tfis of a region (GOLD region) where the second 
impurity region overlaps with a gate electrode and a 
region (LDD region) not overlapping with the gate elec- 
trode. Specifically, in accordance with a driving voltage 
of a TFT, it is also possible to determine the respective 
lengths of the region (GOLD region) where the secorxJ 
impurity region overlaps with the gate electrode arxJ the 
region (LDD region) where the second impurity region 
does not overlap with the gate electrode, wNch enables 
fabrication of TFTs corresporxJing to the respective driv- 
ing voltages through the same step in the case where 
the TFTs are made to operate with different driving volt- 
ages in the sarre substrate. 

[0249] Such features of the present invention were 
extremely suitatile for an active matrix type liquid crystal 
display device in which driving voltages and required 
TFT characteristics are different between a pixel portion 
arxi a driver circuit. 
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Embodiment 13 

[0250] Arother embodiment of the present inven- 
tion will be desaibed with reference to Figs.25A to 29B. 
5 In this Embodinr^ent 13. a method of tatxicating. at the 
same time, a pixel TFT provided in a pixel portion, a 
retaining capacitor and a driver circurt TFT provided in a 
periphery of the pixel portion. 

[0251] Agate electrode of the TFT described in this 

10 Embodiment 13 has a two-layer structure, as shown in 
Embodiment Mode 1 artd Embodiment 1. Howe/er. this 
Embodiment 1 is different from them in that both of the 
first arxf second layers are formed from an element or 
an alloy having the element as a main component, or a 

75 compourxi of the eIerT>ent which element is selected 
from the group consisting of Ta. W. Ti and Mo. Among 
them, the best combination is that the first tayer is 
fornr>ed of Ta, tantalum nitride (TaN) or a mulb-layer of Ta 
and tantalum nitride (TaN). and the second layer is 

20 formed of W. Because these materials are thermally 
stable and are hard to be eroded as corrpared with Al 
and Cu. these materials are suitable for the process of 
the TFT of the present invention. 
[0252] However, as in a case of using a semicon- 

2s ductor film as the first layer of the gate electrode, an ele- 
ment, or an alloy having the element as a main 
component or a conpound of the element which ele- 
ment is selected from the group consisting of Ta, W, Ti 
and Mo has an areal resistance of about 10Q or nrxKe. 

30 Therefore, these materials are not always suitable for a 
case of manufacturing a display device having a display 
size of 4 inches or more. Because length of wiring pro- 
vided over a sUbstrate is necessarily increased as the 
display size is increased, it becomes impossible to 

35 ignore the problem associated with the signal delay time 
caused by influence of the wiring resistance. Also, when 
the width (thickness) of the wiring is increased in order 
to reduce the wiring resistance, the area of the periph- 
eral region other than the pixel portion is increased to 

40 extremely damage tfw appearance of the display 
device. 

[0253] Considerir>g the pixel density for example, 
the VGA hias 480 gate lines arxl 640 source lines, arxJ 
XGA has 768 gate lines and 1024 source lines. Consid- 

45 ering the display size of the display area, the 13 inch 
dass has a diagonal of 340mm, and the 18 Inch dass 
has a diagonal of 460nrm. This Embodiment 13 
describes a method for solving the delay time problem 
of these display devices and minimizing the area 

50 required for the wirings. 

[0254] First, as shown in Fig.25A, a t>ase film 2502 
comprising an insulating film such as silicon oxide film, 
silicon nitride film or silicon oxinitride film is formed on a 
substrate 2501, For example, a silicon oxinitride film 

55 2502a is formed to a thickness of 1 to 200 nm (prefera- 
bly 50 to 100 nm) by plasnr^a CVD using SiH4. NH3 and 
NO2. and a hydrogenated silicon oxinitride film 2502b is 
fornrted to a thickness of 50 to 200nm (preferably 100 to 
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150 nm) by using SiH^ and N^O Thus, the base film 
2502 has a two-layer structure in this Embodimeni 13. 
However, the base film 2502 may be a single layer 
structure arxJ a multi-layer structure having rrxxe than 
two layers. The substrate 2501 comprises a glass such ^ 
as barium borosiiicate glass or alumir»oborosilicate 
glass. 

[0255] Island senmcorxJuctor layers 2503 to 2506 
are formed of a crystalline semiconductor film which 
have been formed from a semicorxJuctor film having an jo 
amorphous structure by a laser crystallization method 
or a thernial aystallization method. The islartd semicon- 
ductor layers 2503 to 2506 has a thickness of 25 to 80 
nm {preferably 30 to 60 nm). The crystalline semicon- 
ductor film preferably comprises silicon or silicon ger- rs 
manium (SiGe) alloy. However, the material o\ the 
crystalline semiconductor f Bm is not limited Iher etc. 
[0256] The formation of the crystalline semtcorxiuc- 
tor lilm by the laser crystallization method is oorxiucled 
using excimer laser or YAG laser in pulse oscillation 20 
type or continuous light emitting type. In case using 
these lasers, a laser light is emitted from the laser oscil- 
lator, and then condensed into a linear shape through 
an optical system, artd then irradiated to the semicon- 
ductor film. The crystallization cortdrtion nnay be deter- 25 
mined by a person who carries out the present 
invention. In case of using the excimer laser, the pulse 
oscillation frequerx:y is 30 Hz, aixi the laser energy den- 
sity is 100 to 400 mJ/cm^ (typically 200 to 300 mJ/cm^). 
In case of using the YAG laser, the second harrrx>nic 30 
thereof is used at a pulse oscillation frequency of 1 to 
10kHz at a laser energy density of 300 to 600 mJ/cm^ 
(typically 350 to 500 mj/crrr^). In this way. a laser light 
condensed to a width of 100 to 1000 yixn for example 
400 nm in a linear shape is irradiated throughout the 35 
entire surlace of the substrate. At this time, the overlap- 
ping percentage (overlap percentage) of the linear laser 
light is 60 to 98 %. 

[0257] A gate ir^ulating film 2507 is formed of an 
insulating film containing silicon by plasma CVD or sput- 40 
tering to a thickness of 40 to 150 nm. In this Embodi- 
ment 13. the gate insulating film comprises a silicon 
oxinitride and has a thickness of 40 to 150 nm. Of 
course, the gate insulating film is not limrted to the film 
comprising silicon oxinitride above. The gate insulating 45 
film may be a single-layer structure or a nnufti -layer 
structure of an insulating film containing silicon. For 
example, in case of using a silicon oxide film, this is 
fornned by plasma CVD using TEOS (tetraethyl orthosil- 
icate) and O2 mixed with each other, which are dis- so 
charged at a reaction pressure of 40 Pa. a substrate 
tenrperature of 300 to 400 'C. at an electric power den- 
sity of 0.5 to 0.8 W/cm2 of a high frequency (13 56 
Mhz). The silicon oxide film formed in this way can 
exhibit an excellent characteristic by subsequent ther- 55 
mal annealing at 400 to 500 'C. 
[0258] A first conductive film 2508 and a second 
conductive film 2509 which beconr>e a gate electrode 
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are formed on the gate insulating film 2507 In this 
Embodiment 13. the first conductive film 2508 com- 
prises Ta arxj has a thickness of 50 to 100 nm, and the 
second conductive film comprises W and has a thick- 
ness of 100 to 300 nm. 

[0259] The Ta film is formed by sputtering a target 
of Ta with Ar. In this case, by adding Xe or Kr to the Ar. 
the inner sb^ess of the Ta film can be alleviated to pre- 
vent the film from peeling off. Because a phase Ta film 
has resistivity of about 20 jiDcm. this film can be used 
for the gate electrode. However, because p phase Ta 
film has a resistivity of about 180 \iQ.cra, this film is not 
suitat>le tor the gate electrode. In case of forming a 
phase Ta film, by forming, as a base film of this Ta film, 
a tantalum nitride havirtg a thickness of about 10 to 50 
nm arxJ having a dose crystalline structure to the a 
phase Ta film, the a phase Ta film can easily be 
obtained. 

[0260] The W film is formed by sputtering using W 
as a target The W film can be formed by thermal CVD 
using tungsten hexafluoride (WFg). Anyhow, it is neces- 
sary that the resistance is lowered in order to use the 
film for the gate electiode. and it is preferable tiiat the 
resistivity of the Wfilm Is 20 ^iXicm or less. The resistiv- 
ity of the Wfilm can be lowered by enlarging the crystal 
grains of the W film, tt is to be noted that in case that a 
lot of impurity elements such as oxygen are present in 
the W film, the crystallization is inrpaired to increase the 
resistivity . Therefore, in case of sputtering, by using a 
W target having purity of 99.9999 % with sufficient care 
to prevent innpurity from entering from the gas phase 
during the formation of the W flm, resistivity of 9 to 20 
jjiQcm can be realized. 

[0261] Next as shown in Fig.25B, nnasks 2510 to 
2514 are formed from resist, and the first etching ti^eat- 
ment of the tornr»ation of tiie gate electrode is con- 
ducted- In this Embodiment 13. the first etching 
treatment is conducted by ICP [inductively coupled 
plasma) method discharging etching gases of CF4 arxJ 
mixed with each other at a pressure of 1 Pa at RF 
(13 56 MHz) power of 500 W supplied to the coil type 
electrode. The substrate side (the sample stage) is sup- 
plied with RF (13.56 MHz) power of 100 W to substan- 
tially apply negative self-bias voltage. In case of mixing 
CF4 and Ct2 with each other, both of the W film and the 
Ta film are etched to the sanne degree. 
[0262] Under the above etching condition, by form- 
ing the resist mask in the suitable shape, the side edges 
of the first and second conductive films are tapered by 
virtue of the effect of tine bias voltage applied to the sub- 
strate side. The tapered part has an angle of 15 to 45". 
In order to conduct the etching without leaving over any 
residue on the gate insulating film, the etching period of 
time is increased at a ratio of about 10 to 20 %. Because 
the selection ratio of the silicon oxinitride film with 
respect to the W film is 2 to 4 (typically 3). the exposed 
surface of the silicon oxinitiide film is etched at about 20 
to 50 nm by the overetching fcreatinerTt Thus, the con- 
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ductrve layers 2515 to 2519 (the first condudrve layers 
2515a to 2519a and the second conductive layers 
2515b to 2519b) having the tirst tapered shape are 
formed by the first etching treatment. 
[0263] Impurity element for impartir»g n type is 
added by the lirst doping treatment. This is conducted 
by ion dopir>g method or ion irrplantation rrwthod In the 
ion doping method, the dose is 1 x 10^^ to 5 x lO''* 
atoms/cm^, and the acceleration voltage is 60 to 100 
KeV A the impurity element for imparting n-type, an ele- 
ment belonging to 15 group of the periodic table, typi- 
cally phosphorus (P) or arsenic (As) is used. In this 
ErrtxxJtmefTt 13. phosphorus (P) was used. In this case, 
the conductive layers 2515 to 2519 acts as masks 
against the impurity element for imparting n-type to form 
the first impurity regions 2520 to 2523 in self-aligned 
manner The first impurity regions 2520 to 2523 is 
added with the impurity element for imparting n-type at 
a cortcentration range of 1 x 1 0^ to 1 x 1 0*^^ atoms/cm^. 
10264] Next, as shown in Rg.25C. the secortd etch* 
ing treatment is conducted. By using ICR etching 
method similarly to the above, plasma is generated at a 
pressure of 1 Pa at RF ( 1 3.56MHz) power of 500 W sup- 
plied to a coil-type electrode with etching gases of CF4, 
Cl2 arvJ O2 mixed with each other. The substrate side 
(the sample stage) is supplied with RF {13.56Mhz) 
power of 20 W. artd is applied with a sert bias voltage 
which is low as compared v^h the case of the first etch- 
ing treatment. UrKier these conditions, the W film is 
selectively anisotropically etched to make the first con- 
ductive layers 2524 to 2528 of rectangular shapes from 
the second corxJuctive layer. At this bme, the first 
tapered conductive layers 2515a to 2519a remain as 
they are. 

[0265] The etching reaction of the W film and the Ta 
film by the mixed gases of CF4 and Ct^ can be inferred 
from vapor pressures of the reaction product and the 
radical or ion produced. The vapor pressures of fluoride 
arxJ chloride of W arxJ Ta are connpared as follows. The 
vapor pressure of WFg which is a fluoride of W is 
extremely high. The vapor pressures of WCI5 . TaFg arxJ 
TaCI^ are same degrees to each other. Accordingly, 
toth of the W film and the Ta film are etched with mixed 
gases of CF4 arxJ O2 However. t)y addir>g O2 to the 
mixed gases, CF4 and O2 are reacted with each other to 
produce CO arxJ F, with the result that a lot of F radicals 
and F ions are produced. As a result, the etching speed 
(rate) of the W film wtKise fluoride has a high vapor 
pressure is increased. On the other hand, even if F in 
th»e Ta f ilm is increased in amount, increase of the etch- 
ing speed (rate) is relatively little. Further, because Ta is 
readily oxidized as compared with W, the surface of Ta 
is oxidized by adding O2 Because the oxide of Ta is not 
reacted with fluorine or chlorine, the etching speed 
(rate) of the Ta film is further lowered. Accordingly, the 
etchirtg speeds (rates) of the W film arxJ the Ta film differ 
from each other largely to enable selective etching of 
the W film. 
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[0266] Sutjsequentiy. as shown in Fig 26A, the third 
etching treatment is conducted The corxJition of the 
third etching treatment is sanr>e as that of the first etch- 
ing treatment. The third shape corxJuctive layers 2534 

5 to 2537 having tapered parts at an angle of 15 to 45" at 
their side edges are formed. The resist masks on the 
corxfucttve layers are eroded at the same time with this 
etching. The secorxi conductive layers 2534 to 2538 
(the first conductive layers 2534a to 2538a arxJ the sec- 

10 ond conductive layers 2534b to 2538b) having tapered 
shape are formed by the third etching treatment. 
[0267] Next, as shewn in Rg.26B, the fourth etching 
treatment »s conducted. The corxiition of the fourth etch- 
ing treat rT>ent is same as that of the secorxi etchirtg 

/5 treatment The W film is selectively anisotropically 
etched to make the secorxi conductive layers 2539 to 
2543 of rectangular shape from the second corxiuctive 
layers. At this time, the secord tapered corxJuctrve lay- 
ers 2534a to 253&a remain as they are. 
[0268] Next impurity element for imparting n-type is 
doped urxJer a high acceleration voltage condition at a 
dose lowered as compared with the first doping treat- 
ment For example, the acceleration voltage is 70 to 120 
KeV, arxJ the dose is 1 x 10^ ^/cm^. In this way. new 

P5 impurity regions are formed inside the tirst impurity 
regions formed in tlie island semiconductor layer in 
Fig.25B. In the doping, the secorxf conductive layers 
2539 to 2543 having rectangular shape are used as 
masks against the impurity element The doping corxJi- 

30 tion is such that regions urxJer the secorxi tapered con- 
ductive layers 2534a to 2538a are added with the 
impurity element. Accordingly, the third impurity regions 
2548 to 2551 overlapping with the secorxf tapered con- 
ductive layers 2534a to 2538a are formed. arxJ the sec- 

35 ond impurity regions between the first impurity regions 
and the third impurity regions are formed. The concen- 
tration of the impurity element for imparting n-type is 1 x 
10^^ to 1 X 10^^ atoms/cm^ in the second impurity 
regions arxl is 1 x 10^^ to 1 x 10""® atoms/cm^ in the third 

40 impurity regions. 

[0269] Next sa shown in Rg.26C, the fourth irrpu- 
rity region 2555 of the opposite conductivity type is 
formed in the island semicofxluclor layer 2504 for form- 
ing a p-channel type TFT. Using the secorxi conductive 

45 layer 2540 of rectangular shape as a mask against the 
impurity element, the irrpurity region is formed in a self- 
aligned manner. At this time, the entire surfaces of the 
island semiconductor layers 2503, 2505 and 2506 for 
forming n-ch»anr>el type TFT are covered with the resist 

50 masks 2552 to 2554. The irrpurity region 2555 is 
forrried by ion doping method usir>g dfc>orane (BoHg). 
The impurity corcentration in the region is 2 x 10^ to 2 
X 10^^ atoms/cm^. 

[0270] By the steps atx>ve, the impurity region is 
55 formed in each islarxl semiconductor layer. Also, the 
second conductive layers 2539 to 2543 of rectangular 
shape are formed. Each of these second conductive 
layers and the corresponding one of the secorxi tapered 
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ccwTducltve layers 2534a to 2538a are formed in one 
body to function as a gate electrode. 
[0271] The impurity element added to the respec- 
tive islarxJ semicorxlLx:1or layers for controlling conduc- 
tivity type is subsequently activated. The activation step 5 
is conducted by thermal annealing using annealing fur- 
nace. Laser annealing or rapid thermal annealing (RTA) 
can also be used for the activabon step. The thermal 
annealing is conducted in nitrogen atnx)6phef e contain- 
ing oxygen at a concentration of 1 ppm or less, prefera- jo 
Uy 0.1 ppm or less, at 400 to 700 °C. typically 500 to 
600 'C. In this Embodiment 13. the thermal treatnnent is 
cofxJucted at 500 "C for four hours. 
[0272] In this thermal treatment, the surfaces of the 
secorxi conductive layers 2539 to 2543 having rectan- is 
gular shape are changed into corxluctive layers 2534c 
to 2538c made of tungsten nitride arxJ having a thick- 
ness 5 to 80 nm. Further thermal treatment is con- 
ducted at 300 to 450 for one to twelve hours in an 
atmosphere containing hydrogen at 3 to 1 00 % to hydro- 20 
genate the island semiconductor layers. This step termi- 
nates dangling bonds in the semiconductor layers with 
hydrogen thermally excited. As another hydrogenation 
method, plasma hydrogenation (using hydrogen excited 
by plasma) may be corxiucted. (Fig.27A) ?5 
[0273] After the activation and the hydrogenation, 
the gate wiring is formed from a low resistant corductive 
material such as a material containir>g Al or Cu as a 
main corrponent. In this Embodiment 13. Al is used. 
That is, a Ti film is formed to a thickness of 50 to 1 00 so 
nm. ar»d an AJ film (not shown) containing Tr at 0.1 to 2 
weight % is formed as the low resistant conductive layer 
on the entire surface of the Tl film. The thickness is 200 
to 400 nm (preferabJy 250 to 350 nm). Then, a pre- 
scribed resist pattern is formed. arxJ by the etchir>g 35 
treatment the gate wirings 2556 and 2557 are formed. 
At this time, a capacitance line 2558 connected with the 
retaining capacitor provided in the pixel portion is 
formed from the same material. By conducting the etch- 
ing treatment of the capacitor line and the gate wiring by 40 
wet etching using an etching solution of phosphoric 
acid, they can be formed while maintaining selective 
processabtlity with respect to the base. 
[0274] In Rg.27C, a silicon oxinitride film is formed 
as a first interlayer insulating film 2559 to a thickness of *5 
100 to 200 nm. A second interfayer insulating film 2560 
nr^e of organic insulating material is formed thereon. 
Then, source wirings 2561 to 2564 forming contacis 
with source regions of the island semiconductor layer 
are fonmed. arxJ drain wirings 2565 to 2567 forming con- so 
tacts with drain regions are formed, and pixel electrode 
2568 is formed. Thus, an active matrix substrate can be 
completed. 

[0275] A driving circuit 2706 and a pixel portion 
2707 are formed over this active matrix substrate. N- 55 
cfwinet type TFTs 2701 and 2703 and a p-channel type 
TFT 2702 are formed in the driving circuit 2706. The 
pixel pKxtioo 2707 has a pixel TFT 2704 comprising an 
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n-chamel type TFT And the pixel portion 2707 has a 
retaining capacitor 2705 connected with the pixel TFT 
[0276] The n-channel type TFT 2701 has a channel 
tormatKXi region 2569. and a third impurity region 2570 
(GOLD region) over1appir>g with the second tapered 
conductive layer 2534a forming the gate electrode, arxl 
a second impurity region 2571 (LDD region) formed out- 
side the gate electrode, artd a first impurity region 2572 
functioning as a source region, and a first inrpurity 
region 2573 functioning as a drain region. 
[0277] The p-channel type TFT 2702 has a channel 
formation region 2574. and a fourth impurity region 
2575 overlapping with the second tapered conductive 
layer 2535a formir^g a gate electrode, arxl a fourth innpu- 
rity region 2576 formed outside the gate electrode, arxl 
a fourth impurity region 2577 functioning as a source 
region, and a fourth impurity region 2578 functionir>g as 
a drain region. 

[0278] The n-channel type TFT 2702 has a channel 
formation region 2579. and a third impurity region 
(GOLD region) 2580 overlapping with the secorxi 
tapered conductive layer 2536 forming a gate electrode, 
and a second impurity region (LDD region) 2581 formed 
outside the gate electrode, and a first impurity region 
2582 functioning as a source region, and a first impurity 
region 2583 furxitioning as a drain region. 
[0279] The pixel TFT 2704 has channel formation 
regions 2584 and 2585. and third impurity regions 
(GOt_D regions) 2585 and 2587 overlapping with the 
second tapered conductive layer 2537a, arxJ second 
impurity regions (LDD regions) 2586 and 2589 formed 
outside the gate electrode, and first impurity regions 
2590. 2591 arxi 2592 furx;tioning as source or drain 
regions. Tf>e semiconductor layer 2593 functioning as 
one electrode of the retainir>g capacitor 2705 is not 
added with impurity element. The regions 2594 arxl 
2595 are added with irrpurity element for imparting n- 
type. 

[0280] Figs 28A and 28B show a part of a plan view 
of the active matrix substrate. The cross-section taken 
along a line B-B' of Fig.28A and the cross-section taken 
along a tine C-C' of Fig.28B correspond to B-B' arxl C- 
C of Fig.27C. In Figs.28A arxl 28B, the gate insulating 
film, the first irrtertayer insulating film arxJ the second 
interlayer insulating film are omitted. However, the 
source wirings 2561 arxj 2562, 2564 and the drain wir- 
ings 2565 and 2566. arxl the pixel electrode 2568 are 
connected through contact holes with the source ard 
drain regions (not shown) of the island semiconductor 
layers 2503. 2504 and 2506. Further, the cross-section 
D-D" of Fig. 28 A and the cross-section E-E" of Fig.28B 
are shown in Rg6.29A and 29B. respectively. In 
Fig.29A. the gate wiring 2556 overlaps with the gate 
electrode 2534 outside the island semiconductor layer 
2503. Also, in Fig.29B. the gate wiring 2557 overlaps 
with the gate electrode 2537 outside the island semi- 
corxJuctor layer 2506. The gate electrode and the fow 
resistant conductive layer are in contact with and electri- 
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cally conducting with each other through no contact 
hole. By torming the gate wiring from a kw resistant 
conductive materia! in this way. the wiring resistance 
can bs Butfciently lowered. Accordingly, it can be 
applied to a display device having a pixel portion (dis- 
play size) of 4 inches dass or more. 

Errbodiment 14 

[0281] In this Embodiment 14, an exarrple in which 
a gate wiring is formed from Cu is described. First, in 
the same way as in Embodiment, steps up to Fig. 27a 
are conducted. Thereafter, as shown in Fig. 30, a first 
passivation layer 3001 is formed to a thickness of 20 to 
100 nm This layer corrprisGS silicon nitride or silicon 
oxinttride. 

[0282] Next, an interiayer insulating film 3002 such 
as silicon oxide film or silicon codnrtride film is formed to 
a thickness of 1 to 5 pm. An interiayer insulating film 
comprising silicon oxide formed by plasma CVD using 
TEOS has an excellent surface flatness. Openings 3030 
to 3032 tor torming wirings in the interiayer insulating 
film 3002 are formed. Thereafter, a barrier layer 3O03 
comprising a tantalum nitride film is formed on the entire 
surface by sputtering to a thickness of 100 to 200 nm. 
The tantalum nitride fim prevents Cu from diffusing. 
Further, a Cu film is formed by sputtering to form a seed 
layer 3004. Thickness of the seed layer is 200 to 800 
nm. Then, a Cu layer 3005 is formed to a thickness of 1 
to 1 0 ^im by a ptating method usirig copper sulfate. In 
other than the plating method, a Cu layer is formed by 
sputtering and then subject to reflow by thermal treat- 
ment at 450 *C to realize the flattening, 
[0283] Next, the surface is flattened through CMP 
(Chemical -Mechanical Polishing) method by initiating 
the polishing from the surface of the Cu plating layer in 
a state shown in Rg.31A arxi continuing the polishing 
until the interiayer insulating film 3002 is exposed. Thus. 
the Cu wiring is formed. The siurry for the CMP com- 
prises a grindirtg particle and an oxidizir>g agent and an 
additrve. Alumina or silica is used as the grinding parti- 
cle. Iron nitrate, hydrogen peroxide or potassium perio- 
date or the like is used as the oxidizing agent In this 
way. the wiring 3015 comprising the barrier layer 3006 
and the seed layer 3007 and the Cu layer 3008 is 
formed. Similariy. the wiring 3016 comprises the barrier 
layer 3009 and the seed layer 3010 and the Cu layer 
3011. Similarly, the wiring 3017 comprises the barrier 
layer 3012 and the seed layer 3013 and the Cu layer 
3014. (Fig.30B). 

[0284] Then, a second passivation film 3018 cover- 
ing these wirings 3015 to 3017 is formed from a silicon 
nitride film or a silicon oxinrtride fim to a thickness of 
100 to lOOOnm. Then, source wirings 3019 to 3022 and 
the drain wirings 3023 to 3025 arxJ the pixel electrode 
3026 are formed. The n-channel type TFT 2701 . the p- 
channel type TFT 2702 arxl the n-channel type TFT 
2703 of the driving circuit 2706 have the same structure 
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as in the Embodinr>ent 13 Also, the retaining capacrtor 
2705 and the pixd TFT 2704 of the pixel portion 2707 
have the same structure as in the Emtxxliment 13 
{Fig.30C) 

5 [0285] The plan views for explaining the B-B' cross- 
sectjon and the C-C cross-section of Fig.30C are same 
as tf>e plan views of FigB.28A arxJ 28B of the Embodi- 
ment 13 except that the wiring structures are different 
from each other. The D-D' cross-section of Fig.28A arxi 

10 the E-E' cross-section of Fig 28B are shown in Figs. 
31A and 31B. respectively. In Fig.31A, the gate wiring 
3015 overlaps with the gale electrode 2534 outside the 
islarxi semiconductor layer 2503. In Fig. 31 B, the gate 
wiring 3016 overlaps with the gate electrode 2537 out- 

15 side the islarxi semiconductor layer 2506. The gate 
electrode and the low resistant conductive layer are in 
contact with and electrically conducting with each other 
through no contact hole. By forming the gate wiring from 
the low resistant corxJudrve material in this way. the wir- 

20 ing resistance can be sufficiently lowered. Accordingly, 
it can be applied to a display device having a pixel por- 
tion (display size) of 4 inches class or more. Further, 
because the Cu wiring has a hiigher resistance against 
electromigration than the gate wiring formed using AI. 

25 the Cu wiring is suitable for a display device such as an 
EL display device in which a pixel is driven by an electric 
current 



Claims 

3C 

1 . A semiconductor device comprising: 
a semicorxluctor layer; 

a gate insulating film formed to be in contact 
35 with the semiconductor layer; and 

a gate electrode formed to be in contact with 
the gate insulating film; wherein: 
the gate electrode includes: 

4C a first layer of the gate electrode nrede of a 

semicorxJuctor film formed to be in contact 
with the gate insulatir>g film; arxl 
a secorxl layer of the gate electrode 
formed to be in contact with the first layer 

45 of the gate electrode; 

the semiconductor layer includes: 

a channel formation region; 
so a first impurity region of one conductivity 

type; and 

a second impurity region of the one con- 
ductivity type sandwiched between the 
cfwinel formation region and the first 
55 impurity region of the one conductivity type 

and being in contact with the channel for- 
mation region; and 
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a part of the second impurity region of the one 
corxiuctivity type overlaps with the first layer of 
the gate electrode ttvough the gate insulatir>g 
film. 

5 

2- A semiconductor device corrprisir^: 

a semfcondudor layer; 

a gate insulating film formed to be in contact 
with the semjcorxjuctor layer; arxl to 
a gale electrode formed to be in contact with 
the gate insulating film; wherein: 
the gate electrode includes: 

a first layer of the gate electrode made of a is 

semiconductor film formed to be in contact 

with the gate insulating film; and 

a secortd layer of the gate electrode 

formed to be in contact with the first layer 

of the gate electrode and to be disposed po 

inside the first layer of the gate electrode; 

the semicorxJuctor layer includes: 

a channel formation region; 25 
a first impurity region of one corxJuctivity 

type; and 

a second impurity region of the one con- 
ductivity type sandwiched between the 
channel fomiation region and the first 30 
impurity region of the one conductivity type 
and being in contact with the channel for- 
mation region; and 

a part of the second impurity region of the one 35 
conductivity type overlaps with the first layer of 
the gat© electrode through the gate insulating 
film. 

3- A semiconductor device conprising: 40 

a semiconductor layer; 

a gate insulating film formed to be in contact 

with \he semiconductor layer; and 

a gate electrode formed to be in contact with 45 

the gate insulating film; wherein: 

the gate electrode includes: 

a first layer of the gate electrode made of a 
semiconductor film formed to be in contact so 
with the gate insulating film; and 
a secorxJ layer of the gate electrode 
formed to be in contact with the first layer 
of the gate electrode and having a lengtii in 
a channel length direction shorter than the 55 
firsi layer o* the gate electrode; 

the semicorxJuctor layer includes: 
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a channel formation region; 

a first impurity region of one conductivity 

type; and 

a second impunty region of the one con- 
ductivity type sarxtwiched between the 
channel fornnation region and the first 
impurity region of the one corxJuctivity type 
arxl being in contact with the channel for- 
mation region; artd 

a part ot the secorxJ impurity region of the one 
corxJuctivity type overlaps with the first layer of 
the gate electrode through the gate insulating 
film. 

4. A semiconductor device comprising: 
a semiconductor layer; 

a gate tn6ulatir>g film formed to be in contact 

with the semiconductor layer; arxJ 

a gate electi^ode formed to be in contact with 

the gate insulating film; wherein: 

the gate electrode has a structure of two layers 

having different lengths in a channel length 

direction and indudes: 

a first layer of the gate electrode made of a 
semiconductor film formed to be in contact 
with the gate insulating film; artd 
a second layer of the gate electrode 
formed to be in contact with the first layer 
of the gate electrode arxl having a length in 
the channel length direction shorter than 
the first layer of the gate electrode: 

the semiconductor layer includes: 

a channel formation region; 

a first impurity region of one conductivity 

type; arxl 

a second irrpurity region of the one con- 
ductivity type sandwiched between the 
channel formation region aixl the first 
impurity region of the one conductivity type 
and being in contact with the channel for- 
mation region; and 

a part of tfie secorxJ impurity region of the one 
corxJuctivity type overtaps with the first layer of 
the gate electrode through the gate insulating 
film. 

5- A semiconductor device according to any one of 
claims 1 to 4. wherein: 

the first impurity region and the second impu- 
rity region include impurity elements to give the 
one conductivity type; and 
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a concentration of the impurrty element of the 
one conductivity type in the second impurity 
region is tower than a concentration of the 
impurity element of the one conductivity type in 
the first impurrty region. 

6- A semiconductor device according to any one of 
claims 1 to 4. wherein: 

a semiconductor layer of the one corductivrty 
type, an insulating film formed to be in contact 
with the semiconductor layer of the one con- 
dudivfly type, and an electrode made up of a 
semicorxjuctor film formed to be in contact with 
the insulating film form a capacitance; and 
the semiconductor layer of the one corxJuctivrty 
type is connected with the first innpurity region. 

7. A semicorxJuctor device comprising: 



a first layer of the gate electrode made o1 a 
sennicorxJuctor film formed to be in contact 
with a gate insulating film; arxi 
a secorxJ layer of the gate electrode 
formed to be in contact with the first layer 
of the gate electrode; 

a semicorxjuctor layer of the n-channel thin film 
transistor includes; 

a channel formation region. 

a first impurity region of one corxJuctivity 

type; and 

a second impurity region of the one con- 
ductivity type sandwiched between the 
channel formation region and the first 
innpurity region of the one corxjuctivrty type 
and being in contact with the channel for- 
mation region; and 



a pixel portion including an n-channel thin film 
transistor, wherein: 

a gate electrode of the n-channel thin film tran- 
sistor includes: 



a part of the second impurity region of the one 
conductivity type overlaps with the first layer of 
the gate electrode through the gate insulating 
film. 



a first layer of the gate electrode made of a 
semiconductor film fornr>ed to be in contact 
with a gate insulatirtg film; and 
a secorxJ layer of the gate electrode 
kxmed to be in contact with the first layer 
of the gate electrode; 

a semicorriuctor layer of the n-channel thin film 
transistor includes: 



9. A semicorxiuctor device comprising: 

a pixel portion including an n-channel thin film 
transistor; arxJ 

a CMOS circuit formed with an n-channel thin 
film transistor and a p channel thin film transis- 
tor, wherein: 

a gate electrode of the n-channel thin film tran- 
sistor includes: 



a channel formation region; 

a first impurity region of one conductivity 

type; and 

a second impurity region of the one con- 
ductivity type sarxfwiched between the 
channel fofmation region and the first 
impurrty region of the one conductivity type 
and being in contact with the channel for- 
mation region; arxJ 

a part of the second impurity region of the one 
corxJuctivity type overlaps with the first layer of 
the gate electrode through the gate insulating 
film. 

8- A semiconductor device connprisir>g: 

a CMOS circuit including an n-channe! thin film 
transistor and a p-channel thin film transistor, 
wherein: 

a gate electrode of the n-channel thin film tran- 
sistor includes; 



4C 



45 



a first layer of the gate electrode made of a 
semiconductor film formed to be in contact 
with a gate insulating film; and 
a second layer of the gate electrode 
formed to be in contact with the first layer 
of the gate electrode; 

a semicorxJuctor layer of the n-channel thin film 
transistor includes: 

a channel formation region; 

a first impurity re^on of one conductivity 

type; arxJ 

a second impurity region of the one con- 
ductivity type sandwiched between the 
channel formation region arxJ the first 
irrpurity region of the one corxluctivity type 
and being in contact with the channel for- 
mation region; and 

a part of the second impurity region of the one 
conductivity type overlaps with the first layer of 
the gate electrode through the gate insulatir>g 
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film 

10- A semiconductor devtce accordino to any one of 
claims 7 to 9, wherein a length of the second layer 

of the gate electrode of the n-channel thin film tran- 6 
sistor IS made shorter in a channel length direction 
than that of the frst layer of the gate electrode. 

11- A semiconductor device according to any one of 
claims 7 to 9. wherein: to 

a semiconductor layer of the one conductivity 
type, an insulating film formed to be in contact 
with the semicorxfuctor layer, and an electrode 
made up of a semiconductor film formed to be is 
in contact with the insulating film form a capac- 
itance; afKJ 

the capacitance is connected with the n-chan- 
nel or p-channel thin film transistor. 



12. A semiconductor device according to daim 11. 
wherein the semicorviuctor layer of the one conduc- 
tivity type connects with the semKXxxJuctor layer of 
the n-channel or p-channel thin film transistor. 

13. A semiconductor device according to any one of 
claims 7 to 9. wherein the first layer of the gate elec- 
trode is made of one kind or plural kinds of ele- 
ments selected from the group consisting of silicon 
(Si) and germanium (Ge), or a compound contain- 
ing the element as its main ingredient. 

14. A semiconductor device according to any one of 
claims 7 to 9, wherein the second layer of the gate 
electrode is made of one kind or plural kinds of ele- 
ments selected from the group consisting of trta- 
nium (Ti), tantalum (Ta). tungsten (W). and 
motytxfenum (Mo), or a compound containing the 
element as its main ingredient. 

15. A semiconductor device according to any one of 
claims 1 to 4 arxJ 7 to 9, wherein the semjconductor 
device is one selected from the group consisting of 
a liquid crystal display device, an EL display device, 
and an image sensor. 

16- A semiconductor device according to any one of 
claims 1 to 4 and 7 to 9. wherein the semiconductor 
device is one selected from the group consisting of 
a video camera, a digital camera, a projector, a pro- 
jection TV. a goggle display, a car navigation sys- 
tem, a personal computer, and a portable 
information terminal. 
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17. A method of fabricating a semiconductor device. 55 
comprising; 

a step of forming a semicorxluctor layer on a 



substrate; 

a step of forming a gate insulating film to be in 
contact with the semiconductor layer; 
a step of forming a first conductive film to be in 
contact with the gate insulating film; 
a step of forming a second conductive film to 
be in contact with the first cortJuctive film; 
a step of forming a second layer of a gate elec- 
trode from the second corKfuctive film; 
a first irrpurity adding step of selectively adding 
an impurity element of one conductivity type to 
the semiconductor layer; 
a step of forming a first layer of the gate elec- 
trode from the first conductive film; arxi 
a second impurity addirig step of selectively 
adding an impurity element of the one conduc- 
tivity type to the semicorxfuctor layer. 

18. A method of fabricating a semiconductor device, 
comprising: 

a step of forming a semiconductor layer on a 
sutDStrate; 

a Step of forming a gate insulating film to be in 
contact with the semicorxiuctor layer; 
a step of forming a first conductive film to be in 
contact with the gate insulating film; 
a step of forming a second conductive film to 
be in contact with the first conductive film: 
a step of forming a second layer of a gate elec- 
trode from the second conductive film; 
a first impurity adding step of selectively adding 
an impurity element of one conductivity type to 
the semiconductor layer; 
a step of forming a first layer of the gate elec- 
trode from the first conductive film; 
a second impurity adding step of selectively 
adding an impurity element of the one conduc- 
tivity type to the semiconductor layer; and 
a step of renroving a part of tfie first layer of the 
gate electrode. 

19- A method of fabricating a semiconductor device, 
comprising: 

a step of forming a first semicondLX^tor layer 
and a secord semiconductor layer on a sub- 
strate; 

a step of forming a gate insulating film to be in 
contact with the first 5emkX)nductor layer and 
the second semiconductor layer; 
a step of kxming a first corxJuctive film to be in 
contact with the gate insulating film; 
a st^ of forming a second conductive film to 
be in contact with the first conductive film; 
a step of forming a second layer of a gate elec- 
trode from the second corxJuctive film; 
a first impurity adding step of selectively adding 
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an impurity element oi one conductivity type to 
at least the first semiconductor layer; 
a third trrpurity adding step o1 selectively add- 
ing an impurity element of a conductivity type 
opposite to the one corxiuctivity type to the 
secorvj semicorxiuctor layer; 
a step oi iorming a first layer of the gate elec- 
trode from the first oondudive film; 
a second impurity adding step of selectively 
adding an impurity element of the one conduc- 
tivity type to at least the first semiconductor 
layer. 

20- A method of fabricating a serrBCOfxiuctor device, 
comprising: 

a step of forming a first semiconductor layer 
and a second semicorxiuctor layer on a sub- 
suate; 

a step of forming a gate insulating film to be in 
contact with the first semiconductof layer and 
the second semiconductor layer; 
a step of forming a first conductive film to be in 
contact with the gate insulating film; 
a step of forming a secorxl corxJuctive film to 
be in contact with the first conductive film; 
a step of forming a secorxj layer of a gate elec- 
trode from the secorxJ conductive film; 
a f irst impurity adding step of selectively adding 
an irrpurity element of one corxiuctivity type to 
at least the first semiconductor layer; 
a third impurity adding step of selectively add- 
ing an impurity element of a corxiuctivity type 
opposite to the one corxiuctivity type to the 
secorxj semiconductor layer ; 
a step of forming a first layer of the gale elec- 
trode from the first corxluctive film; 
a secorxf impurity adding step of selectively 
adding an impurity element of the one conduc- 
tvity type to at least the first semiconductor 
layer; and 

a step of removing a part of the first layer of the 
gate electrode. 



pound containing the element as rts mam ingredi- 
ent 

23. A method of fabricating a sermcorxluclor device 
6 according to any one of claims 17 to 20. wherein 

the semiconductor device is one selected from the 
group consisting of a liqutd crystal display device, 
an EL display device, and an image sensor. 

10 24. A method of fabricating a semicorxtuctor device 
according to any one of claims 17 to 20. wherein 
the semiconductor device is one selected from the 
group consisting of a vxfeo camera, a digital cam- 
era, a projector, a projection TV. a goggle display, a 

15 car navigation system, a personal computer, arxl a 
portable information terminal. 
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21. A metfxxJ of fabricating a semiconductor device 45 
according to any one of claims 17 to 20, wherein 
the first layer of ttie gate electrode is made of one 
kind or plural kinds of elements selected from the 
group consisting of silicon (Si) arxl germanium 
(Ge), or a compourxJ containing the elerrfent as its so 
main ingredient. 

22. A mettxxl of fabricating a semicorxJuctor device 
according to any one of claims 17 to 20, wherein 
the second layer of the gate electrode is made of 55 
one kjrxl or plural kirxis of elements selected from 
the group consisting of titanium (Ti). tantalum (Ta), 
tungsten (W), aixJ nx>lytxJenum (Mo), or a com- 
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